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ADVERTISEMENT. 


TH  E  Committee  appointed  by  tlie  Royal  Socteiy  to  dire^  the  pub- 
lication of  the  Phitofofhkal  Tranfa6Hons^  take  this  opportunity  to 
acquaint  the  Public,  that  it  fully  appears,  as  well  from  the  council-books 
and  journals  of  the  Society,  as  from  repeated  declarations,  which  have 
been  made  in  ieveral  former  Tran/adions,  that  the  printing  of  them  was" 
always,  front  time  to  time,  the  fingle  aft  of  the  refpeftive  Secretaries,  till' 
the  Forty- feveuth  Volume:  the  Society,  as  a  body,  never  interefting  them- 
felves  any  further  in  their  publication,  than  by  occafionally  recommending 
the  revival  of  them  to  fome  of  their  Secretaries,  when,  from  the  particular 
circumftances  of  their  affairs,  the  Tranfadions  had  happened  for  any 
length  of  time  to  be  intermitted.     And  this  feems  principally  to  have 
been  done  with  a  view  to  fatisfy  the  Public,  that  their  ulual  meetings 
were  then  continued  for  the  improvement  of  knowledge,  and  benefit  of 
mankind,  the  great  ends  of  their  firft  inftitution  by  the  Royal  Charters^, 
and  which  they  have  ever  fince  fteadily  purfucd. 

But  the  Society  being  of  late  years  greatly  inlarged,*and  their  com- 
munications more  numerous,|it  was  thought  advifeable,  that  a  Committee 
of  their  members  ihould  be  appointed  to  reconfider  the  papers  read  be- 
fore them,  and  feleft  out  of  them  fuch,  as  they  fhould  judge  moft  pro- 
per for  publication  in  the  future  TranfaSlions  \  which  was  accordingly 
done  upon  the  26th  of  March  1752.  .  And*the  grounds  of  their  choice 
are,  and  will  continue  to  be,  the  importance  and  fingularity  of  the  fub- 
jefts,  or  the  advancageous  manner  of  treating  them ;  without  pretending 
to  anfwer  for  the  certainty  of  the  fafts,  or  propriety  of  the  reafonings, 
contained  in  thefeveral  papers  fo  publiflied,  which  muft  ftill  reft  on  tho. 
credit  or  judgment  of  their  refpeftive  authors. 

A  2  It 
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It  is  likewife  neccJTary  on  this  occafioo  to  remark,  tliat  it  is  an  tftZ' 
blilhed  rule  oF  the  Society,  to  which  they  wilt  always  adhere,  never  to 
give  their  opinion,  as  a  body,  upon  any  fubjeft,  either  of  N  ature  or  Art, 
that  comes  befwc  them.  And  therefore  the  thanks,  which  are  fre- 
quently propofcd  from  the  chair,  to  be  given  to  the  authors  of  fuch  pa- 
pery, as  are  read  at  their  accuflomed  meetings,  or  to  the  perfons  through 
whofe  hands  they  receiTe  them,  are  to  be  conGdered  in  no  other  light. 
than  as  a  matter  of  civilly,  in  retaro  for  the  refpcA  fliewn  to  the  Society 
by  thofe  communicatioot.  The  like  alfo  ia'  to  be  faid  with  regard  to 
the  fcTcral  projefist  inventions,  aod  curiofities  of  various  kinds,  wbid^ 
are  often  exhibited  to  the  Sodetj ;  the  authors  whereof,  or  thofe  who 
exhibit  them,  fireqaei^y  take  the  liberty  to  report,  and  even  to  certify 
in  the  public  news-papers,  that  they  hare  met  with  the  highell  apptaufe 
and  approbation.  And  therefore  it  is  hoped,  that  do  regard  will  here- 
after be  paid  to  fuch  reports,  and  public  notices ;  which  in  fome  initaocei 
hsTe  been  too  lightly  credited,  to  thedilhoDour  of  the  Society. 
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I.  Relaswnu  dl  una  nuova  Psoggia,  fcritta  dal  Conte  de  Gioenl 
abitante  della  5'  Reggiom  delP  Etna ;  communicated  by  Sir  Wil- 
liam Hamilton,  K,  B,  K  R.  S. 


Read  November  8,  1781  *, 

Volat  ptr  Mare  magnum  cinis  decoBusy  et  terrenis  nubibus 
excitatis,  tranfmarinas  quoque  provincias  pulvereis  guttis 
implevit*        CAssioD.  lib,  IV.  var.  epift.  50. 

LA  mattina  de  z\  corrente  fi  e  qui  prefcntato  uno  de  fcno- 
'  meni  piu"  fingolari ;  tutti  li  luoghi  efpofti  all'  aria  fi  tro- 
varono  bagnad  da  un*  acqua  colqrita  cretacea  biggia,  la  quale 

•  For  a  tranflatioo  of  this  paper  fc«  the  Appendix. 

Vol.  LXXII.  B  eva- 


2  Relaxtone  dl  una 

cvaporando  indi,  o  hifiltrandofi  nella  terra,  lafci6  per  ogiii  dove 
la  materia  che  contenea,  all*  altezza  di  due,  o  tre  linee ;  tutti  \ 
fern,  che  ne  f urono  tocchi,  divennero  rugginofi. 

II  publico  portato  al  maravigliofo,  imagino  varie  cag^ni  dl 
tale  pioggia,  motivi  di  timore  per  gli  veggetabili,  e  gli  animali.^ 

Le  popolazioni,  che  fi  valgono  delle  acque  piovane,  ii  alien- 
nero  di  fame  allora  ufo.  Vi  fu*  chi  (bfpetafle  contenerfi  in  cfla  de^* 
priocipi  vitriolici :  e  delle  perfbne  prediflero  un  quakhe  male 
epidemico  Ibpraveniente. 

Chi  avea  oflervato  Tefplofioni,  che  TEtna,  da  venti  e  piu* 
giorni,  facea  vedere  dall'  alto  del  (uo  cratere,  inclinava  acred«c& 
originate  quel  feiiomeno  da  una  di  efle. 

Si  eftefe  la  pioggia  dal  nord  \  nord  eft  al  fud  \  fud-oveft  fopra 
le  campagne  di  noto,  fin  dove  contanli  in  linea  re£ta,  fettanta 
miglia,  dal  vertice  dell'  £tna» 

Non  e  nuovo,  che  li  volcani  per  la  fbrza  efpanfiva,  che  vio* 
lenta  in  efli  (i  genera,  abblano  cacciato  delle  Sabbie  *  portate  dsr 
venti  di  lontane  reggione,  e  delle  pietre  +• 

*  L*autorita  di  Cafiiodoro.  prcmella  a  qucfta  rclazione  e  arvalorata  da  Stneca 
ncl  fuo  2**  lib.  delle  Qneft.  Nat. 

i^:tna  aliquando  multo  igne  abundavh,  ingentem  vim  arenat  urcatis  effuditt^ 
involutus  eft  dies  pulvcrt,  popubfque  fubita.nox  tcrruit*. 

Ma  fcnza  riandarc  alle  moltiffime  memorie  di  quefto  volcano,  c  del  Vcfuvio^ 
come  a  noi  piu*  vicini,  abbianao  da  lo  anni  in  qua  vcduto  moltc  dcllc  pioggie  ia 
Sicilia,  originate  deli'  Etna,  c  l^ultima  prccedctte  la  irruzionc  dW  anno  fcorfo^, 
era  qiiella  compofta  di  picctoli  frammenti  di  pomici  bitumioofc,  oilucnie. 

f  La  pietrai  defcrltta  da  plinio  caduta  iiclla  Tjracia,  la  pioggia  dipictra,  chfr 
avvenne  fiil  montc^Albano,  dopo  la  rovina  di  Alba,  dcUa  quale  ci  fa  menzione  tito 
i.ivxo,  c  moltc  altrc  fimili^  rimarcate  dalli  antichi,  come  pioggie  prodigtoft,  foM 
flAtc  riconofciute  per  volcaniche ;  in  quanto  air  Etna  abbiamo  a  giorni  noftri  vedulD 
formarc  de'  monti  nuovi,  per  il  cumulo  delle  pietre,  p  per  n^cglio  dire  delle  lave  \ 
e  degH  antichi,  oltre  strabone,  edaltri  molti  fcrittorl,  il  Rrico  pinj>a&o  ci  traft 
mcttc,  che,  al'iymndo  non  tantum  rivos  i^mos  ejcclt^  fed  faxa.  igtiia.  find,  tp 
Brit.  lib.  V,  c,  i4«  p.  2.  ^. 


Ma  il  colore  della  materia,  e  la  fua  fottigliezza,  diedero  mo- 
tivi  di  dubitare,  cade  ne  fofle  originata,  accrefcendofeue  riii^ 
certezza  dalla  rimarchevole  circoftaiiza  dcU'  acqua,  cbe  por- 
toUa  incorporata  *  e  pero  fi  fofpettava  di  altro  principio. 

Era  dunque  vepo  per  ogni  ragione  di  aflicurarii  della  natura 
da  tale  materia,  onde  reftar  perfuafi  della  fua  origine,  e  degli 
effetti,  che  avrebbe  pot u to  cagionare :  non  potea  queilo  farfi 
fenza  il  (bccorfo  dell*  aualifi  chimica  :  per  far  dunque  ci6  con 
iiccurezza,  procurai  raccogliere  quella  pioggia  in  luogo,  ove 
potefli  credere,  che  non  efifteflTero  altre  foftanze  eterogcnee : 
Scelfi  percio*  la  pianta  chiamata  Braffica  Capitata^  la  quale  avendo 
le  foglie  larghe,  e  rawolte,  trovai,  che  contenea  a  fufEcienza 
deir  acqua  colorita ;  e  riverfate  molte  di  efie  in  un  vafb,  lafciai 
indi,  (Che  fpontaneamente  nerifedefle  la  terra  al  fondo,  in  cui 
^opo  qualche  tempo  depofe  la  parte  iimofa,  reflando  Tacqua 
trafparente. 

Separata  quefta  in  altro  vafo,  la  tentai  con  de*  liquor!  alcalini 
vegetabili,  ed  acidi  minerali :  ma  non  oflervai  decompofizione  con 
alcuno  de*  due  meftrui ;  paflai  ad  evaporarle  per  riunire  quelle 
caaterie,  che  potevano  forfe  eflere  in  foluzione,  e  toccatala  di 
belnuovo  con  gli  anzidetti  liquori,  fece  vederfi  leggiera  effer- 
vefcenza  con  gli  acidi ;  provata  con  lo  firoppo  di  viole,  dlvenne 
xjuefto  verde  fmorto,  cofi  che  mi  perfuafi,  che  conteneffe  un 
jfale  calcareo  +•  Con  la  deqozione  di  galla  non  produffe  pr^- 
x:ipitazione. 

•  Ne*  moltifcrittori  del  noftro  Etna,  non  trovali  Pioggia  di  Sabbia,  o  di  altra 
produzione  mefcolata  con  acqua^ 

4-  Prorata  ancora  con  diiToluzione  di  piombo  nelP  acido  vegetale,  perdettc  il  fuo 
color  naturale,  e  la  fua  trafparenza,  dlvinendo  lattiginofa.  To  mi  fare!  a  credere, 
cbe  (it  qiiello  un*effetto  ddle  parctceile  alcaline,  e  cofi  fpiegare  la  cfHorefcenza,  che 
jpaoiTc  Ibpra  li  ferri  eipofii  air  aria. 

B  z  DilTeccata 


4  Relazkne  di  una 

Diffeccata  pofcia  all*  ombra  k  materia,  fi  fS  vedere  una  terra 
ibttiliffima  di  color  cretaceo,  ma  inerte  per  eflere  ftata  diluta 
della  pioggia. 

Penfai  calcinafla  ad  un  fuoco  le^iero,  e  vi  prefe  il  color  di 
mattorie  ;  pofta  indi  in  un  crogiuolo,  una  portione  di  quefta  la 
paiTai  a  fuoco  plu*  violente,  e  perdette  quafi  il  colore  acquiftato ; 
un  altra  parte  di  quefta  provata  a  piu*  gagliarda,  e  lunga  calci- 
nazione  (onde  poteffi  fperarne  la  vitrificazionc)  refto  cio  non 
pertanto,  frolle,  e  divififfima,  ritornando  al  fuo  priftino  colore 
blggio. 

Offervato  con  accuratezza  il  fumo  delle  tre  calcinazioniy  non 
diede  alcuno  colore,  ne  odore,  per  fofpettarfi  de  mefcolanza 
arfenicale  o  fulfurea. 

*  Avuta  dunque  quella  materia  in  tre  porzioni,  cakinata  a  tre 
difFerenti  gradi  di  fuoco,  le  prefentai  una  buona  magnete,  ma 
non  aggi  quefta  nella  prima,  e  hella  feconda ;  nella  terza  pera* 
una  leggiera  attrazione,  in  aghi  vifibili,  reiterata  piu*  fiate,  mi 
fe  ftabilire,  che  fia  in  quefta  terra  un  principio  marzkle  nella 
forma  metallica,  e  non  in  foftanza  vitriolica  *• 

Delia  natura  dunque  delle  materie  riconofciute,  fi  rilieva  la 
loro  origine  volcanica,  imperoche  il  fcrro  piu*  che  e*  efpofto  a 
violenta  calcinazione,  perdendo  il  principio  flogiftico,  piu* 
fi  rende  divifo,  e  non  puo  quefto  fuccedere  naturalniente,  che 
"nel  gran  focolare  di  un  volcano.  II  fale  calcareo  eflendoun  iA 
marino,  combinato  con  foftanze  calcaree  per  via  di  fuoco  vio- 
lente +  non  puo*  altrimenti  eflere  compofto,  che  nel  volcano  J. 

Percio, 

♦  Imperoch^  non  avrcbbc  altrimenti  Pacqu^  prodotto  cffenrefccnza  coa  gli 
acidi,  ma  I'avrebbe  moftrato  con  gli  alkali,  e  nella  tripiicata  calcinazione,  fi  farft 
piu'  tofto  accrefciuto,  che  diminQito  il  colore  roifo. 

f  La  combuflione  delle  pictre  da  CaUc  puo*  produrre,  c*  vero,  la  combina- 

zionc, 


BUwa  Pioggia.  j 

Percio,  che  appatdene  alii  temvti  efFetti,  fopra  gli  antmali^  e 
gli  ve^etabili,  e  noto  a  chiunqucy  Tufb  vantaggiofo  che  ritira 
la  modicina  dell*  uno  e  Paltro^  in  quella  fte{&  fbrma  che  fu- 
rono  preparati  nel  gran  laboratorio  ddla  natura. 

Li  veggetabiliy  che  fbno  neir  attuale  horificazione,  non 
moftrano  la  menoma  macerazione»  come  altre  volte  e  avvenuto 
con  le  pioggie  di  Sabbia  *• 

Come  poi  quella  produzione  volcanica  fi  fia  mefcolata  all* 
acqua^  puo  cio  ocmoepirfi  in  varie  guxfe. 

Li'Etna  e  ordinariamente  attornato  nella  fua  media  ^eggionc 
di  nuvole,.  le  quali  non  iempre  oltrepafiano  la  fua  fommka,  che 
fialza  a  25^00  paffi  f.  iopra  il  livello  del  mare,  cacciatane  fuori 
qudia  materia,  trovando  fbttopofie  le  nuvole,  pote  avvenire^ 
die  fi  &ile  mefcolata  alle  ftefle,  e  fcioka  poi  in  pioggia  nella 
maniera  ordinaria:  puo  altrimente  conghietturarfi,  che  quer 
denfo  fumo,  che  contenea  la  materia  volcanica  per  la  forza  de*  * 

zione,  onde  rifulto  il  fale  calcareo,  ma  fcorgefi  cbiaramente,  che  aon  potea  quella  • 
quaQtica  altroodc  ^rortiiii'e  elie  dal  volcano*  ■■ 

X  BAolte,  e  replicate  eiperienze  fopra  li  prodotti  ddf  'Etna  mi  hanno  perfuafo,  • 
che  ii  (al  marino  £i  uno  de  prsncipaii  e  piu'  abondanti  meftruiy  che  eccitano  le 
effenrefcenze  del  noftro  volcano,  o  che  at  fii  la-bafe  (come  un'  amico  di  molta  cog-' 
nizione  ml  ha  fatto  nuovamente  riflettere)  trovo  del  fale  calcareo  nelle  vecchie  lave« 
del  fide  comune^  lo  trovo  fublimato  in  anunoniaca  nelle  fenditure^  e  ne*  fpiragli 
delle  nuove  enizioni ;  ma  qui  non-  e  luogo  icio*  bhe  richiede  un  maggior  volume, 
foife  appreflb  potro'  meglio  dime  in  altra  occafione. 

*  Mi  trovo  aver  replicatamente  oilervato,  che  le  pioggie  di  Sabbia  del  noftro 
roonte  per  lo  piu*  compofte  di  materie  calcinate,  e  di  piccioli  criftalli  di  Schorl,  por* 
tano  un  cimento  di  particelle  arfenicali,  e  fulfuree,  e  qualche  volta  faline,  che 
unifce  lo. Schorl  alle  altre  materie  ;  cofxche  fe  ne  ingrofiano  li  granelH ;  qualche  voltx  • 
ancora  ci  e  arrivata  la  pio^iacalda  a  terra. 

f  La  mifura,  che  ho  tentato  della  perpcndicolare  del  monte,  mi  e  doe  volte 

riufctta  air  altezza  defcritta,  noa  pero  la  do  per  certa,  fapendo  che  raltimctria 

ha  vopo  di  efatti  iflromenti,  e  di  reiterate   oflcrvaziooi,  che  dovro  comprovare 

ancora  con  il  barometro  a  migglior  commodo* 

2  ventiy; 


6  Rtlazione  di  una 

venti,  fofle  trafportato  neir  atmosfera,  con  k  fua  rarcfaxlone^ 
fopra  quel  tratto  di  paefe  ♦,  e  quindi  rafireddandafi  fi  fia  condeii- 
zato  tanto,  che  fuperando  il  pefo  dell*  aria  fottopofla,  fi  abbia 
fciolto  nella  pioggia  colorita. 

lo  rimetto  per  altro  a  fifici,  a  quali  appartiene  la  cogiilzione 
degli  aggenti  della  natura,  lo  efamc,  e  la  fpiega  di  tale  feno- 
meno,  limitandomi  alleoflervazioni^  ed  alle  efperienze  di  natu« 
ralifta  iniziato  nella  chimica^  afiine  di  concorrere  con  ^fle  di  qua* 
lunque  merito  fiano,  alia  teoria  de^  volcani,  e  del  globo  f  • 


P.  S.  A  4  Maggby  Venerdi  alle  ore  21}  di  Italia  fi  e  fattt 
fentire  una  fcofia  di  terra  afiai  leggiera^  nelle  abitazioni  che  ibno 
attorno  all*  Etna,  la  quale  piu*  fi  refe  ienfibilc  in  qualche  Ion- 
tananza  del  monte,  la  fua  azione  f u  dal  nord  al  fud.  A vea  il 
volcano  continuato  le  fiammc,  e  le  efplofioni,  e  la  notte  pre* 
cedente,  una  colonna  di  fumo,  compofta  di  globi  quafi  articolatiy 
Tuno  fopra  Taltro,  fi  era  alzata  ibpra  il  cratere  all*  altezza  dup* 
plicata  della  montagna  per  qu^to  facea  arbitrare  la  diflanza  dl 

*^  Acdo  la  addotta  ipotefi  non  fembri  cfagerata  per  la  quantita  dl  fumo,  che 
deveii  fupporre,  io  rapporto  cio  che  fu  oflervfito  da  cicerone,  cratere  flamma  erum- 
pity  fumo  iiiixt^  iam  copiofo,  ut  dum  Boreas  fpirat  Melitam  ufque  per  aeri  ilium 
fubiimem  propcllat  ad  ix.  millia  paiTuum  rpatium.     cic.  de  Nat.  Deor.  lib.  II. 

f  La  Phyfique  (dice  il  Sr.  walsrio  nella  fua  mineral,  t.  a.  Hidrol.  a.  f.)  eft 
plus  univerfelle  dans  fes  v&es,  et  plus  philofophique  dans  fon  examen^  le  phyAcien 
cnvifage,  raifonne,  explique,  le  naturalifte  regarde,  ramafley  et  range  ;  cclui-ci 
vous  dira  il  exifle  tel  corps  dans  la  nature,  ileft  fait,  foit  au  dedans,  foit  au  dehors 
dc  telle ou  telle  maniere, ileft  de  tpl ou  tel  regne,claire,ordre, efpece, variete ;  celui la 
pi^tendra  vous  expliquer  les  caufes  de  fon  exiftence,de  fes  formes, et  de  fes  proprietes. 

Appreftb  al  Sr.  walekio  Tilluftre  Sr.  linn&  nell'  anal,  tranfalp.  anno  1740,  (T. 
a.  cofifcrive;  Phyfica  eft  fcientia  dequalitatibus  elemcntorum.  Hiftoria  naturalis 
autem  circa  cognitionem  corporum  naturalium  verfatur :  il  vero  naturalifta  dev' 
eflere  iftruito  della  fifica,  e  della  chimicv  ancora,  ma  non  conofciamo  ancor  not 
^ui  la  diviiione  delle  due  fcicnze. 

7  ?^ 


tttitva  Phggia*  f 

22  nuglta  dal  vertice  perUnea  retta,  m  cui  e  quefla  citta ;  dur6 
quella  tutto  la  notte  perpendicolare,  folche  ii  avea  ftaccato  uno 
de'  globi,  ed  allungato  all'  oveft  della  fua  cima ;  tratto  tratto 
tatto  rintemo  della  colonna,  e  della  lingua  prolungata  di  fuma 
venivaiio  intemamente  illuminate  da  fiioco  elettrico,  che  traf- 
paiiva  roflb  cupo,  eftinguendnfi  gradatamente  dal  bafib  alP  alto» 
in  due  fecondi. 

Ha  continuato  il  fiioco  ful  cratere  Hn*  o^  8  Maggio,  riget- 
tando  ^Ite  moli  infuocate,  le  quail,  vagamente  rotolando  giu 
per  11  cono,  hanno  IHuminato  quella  reggione,  e  ii  e  verfata 
^lla  lava  dal  cratere  in  qualcbe  quantlti  verfa  foveft  nDrd>> 
oreft ;  ma  nou  ha  avuto  quefta  la  forza  di  rompere  U  fianchi,  o 
le  pareti  del  volcano,  a  tal  che  fiamo  nel  calb  di  approplarcl 
quella  memoria  Aorica.  marco  jemilio  c.  auhelio  Cofll 
Mtna  moiu  terramotu,  igaes  J*p(r  vert'tcem  late  MJudit,  JuL 
Obfequ.  de  Prodigy  c.  89^ 
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II.  Nova  experimenta  Cbemica  jUir  ad  penithrem  Acidi  e  Pirn. 
guedinc  eruti  cognitionem  valere  videntur.  Scribebat  D.  Lau- 
rentius  CrelUus,  Gulielmo  Huutero,  M.  D.  S.  R.  S. 


* 
Read  November  1 5,  1.78  !• 

NON  fine  maxima  animi  voluptate  e  Philoibphtcaruixx 
Tranfadi<miim  volamkie  noviffimx)  percepi^  meas  littens 
adte.miiTas,  de  experinientis  chemicb  referentes^  noa.folum. 
tibi  hand  difplicui(fe ;  fed  etiam  illoflriflimaB  Regiae  Scieatiaruixt 
Societati  abs  te,  ea  qua  es  humanitate  oblatas,  honorificentif^ 
fimis  illius  fufFragiis  efle  omatas.  Quaoti  buac  in%Dem  in  me 
coUatum  honorem  faciam,  quanta  fit  mea  in  celeberrimos  viros, 
fumma  benignitate  de  commentariolo  meo  qualicunque  judi- 
cantes,  reverentia,  quantse  denique  grates^  quas  tibi,  vir  cele- 
berrime,  debeam,  non  poflUm  verbis  fatis  demonftrare.  Per- 
fuafum  itaque  te  habeas,  oro  rpgoque,  de  mente  mea  tibi  de- 
vinftiffima ;  quam  ut  quoque,  omni  qua  poUeo,  facultate  tefter, 
ill.  Reg.  Soc.  fubjunxi  huic  epiflgke  iiova  ea  experimenta  cbemica, 
quas  ad  penitiorem  acidi  e  ptnguedine  eruti  cognitionem  valere 
mihi  videbantur ;  ea  fpe  fretus,  fore,  ut  hujufce  difquifitionis 
chemicae  partem  pofleriorem  judicans  non  inferiorem  priori, 
humaniflime  illam  ofFeras  meo  nomine  Sociis  celeberrimis,  in 
fummae  meae  in  illos  reverentke  documentum. 

Propofui  ut  nofti,  vir  celeberrime,  modum  iilum,  acidunn 
pinguedinis  concentratum  acidi  vitriolici  ope  obtinendi,  quod 
nimirum,    affufun^    fali  fegneriano  ex    hac   partem    acidancx 

expellit 
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lexpellit  forma  vaporum.  Quae  autem  ne  obnoxia  fit  objeftioni, 
quod  huic  vitrioli  oleum  (itadmixtum,  et  ut  cogiiofcerem,  quo- 
modo  fe  habeat  ial  medium  noflrum,  igiieuflum,  huic  illud 
tradldi. 

EXP.     Lvr. 

Trcs  nimirum  falls  fegneriaiii  (feu  ex  noftro,  e  pingucdiiie 
deftillata  eruto  acido,  et  fale  alcalino  vegetabili  conflati)  unclas, 
retortae  vitreae  loricata^  inditas,  igni  aperto  per  gradus  aufto, 
expofuL  Deftillabat  in  initio  in  excipulum  aquofi  quid  (cry- 
flallifationis  nimirum  aqua).  Increfccnte  calore,  ita  ut  retorta 
ignire  inciperet,  protinus  fiirgebant  vapores  copiofiflimi  grifei, 
acidum  forte,  ut  mihi  quidem  videbatur,  praeifagientes :  fed 
vafibus  &igefaAis,  et  apertis  nihil  fumi  percipiebam,  nee  odo* 
rem  acidi  fuetum ;  fed  potius  ilium  fpiritus  tartari,  cui  fluidum 
quoque  obtentum  (ponderis  drachmarum  xi.)  in  ceteris  quali- 
tatibus,  e.  g«  ^ipore,  colore  aureo,  iimile  erat ;  cum  fale  tar- 
tari,  parum  eflervefcensu  Refiduum  fal  erat  alcalinumy  carbo-^ 
lacei  modo  quid  continens  ;  fed  alcalini  volatilis  ne  vefligium 
quidem  prodens.  Sicco  jam  pra^teribo  pede,  fingularem  acidi 
fortis  (exp.  53.)  vi  ignis  mutatlonem  in  mite,  quae  etiam  in 
terra  foliata  tartari,  fale  acetofellas  et  tartaro  ipfo  obtinet,  et  a 
deflru&ione  quadam  acidi,  phlogifto  intime  mixti  pendere  vide-. 
tur,  nifi  forfan  hoc  acidum  (ut  cl.  Priestley  celeberr.  collega 
tuus,  illuftris  hunt  ere,  in  clyfli  nitri  pra&paratione  contendit) 
in  aeris  lingularis  fpeciem  tranfeat. 

Modus  acidum  pinguedinis  fumans  obtinendi  mihi  hue  ufque 
laboris  et  taedii  plenus  fuerat :  peraftis  nimirum  novem  deftilla- 
tionibus  (exp.  1—9.)  et  reftific^ioae  (exp.  46)  acidum  erat 
faturandum  fale  alcalino,  quod  evaporandum,  calcinandun^ 
iterum  folvendum  et  infpiffandum,  priufquam  vitrioli  oleum, 
jiurum  ex  eo  acidum  expelleret  (exp.  $^^^     Eundem  nunc 
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finem  obtinendi  methodo  in  compendium  reda£ba,  mihi  in  votis 
erat;  quod>  non  fine  fpe  quadam  fequenti  modo  con£cere 
tentabam. 

EXP.     LVir. 

Impofui  veficae  et  alembico,  cupreis,  flanno  intus  obdu£bis» 
febum  depuratum,  leni  igne  fubftrato  nil  nifi  aquam  emit- 
lens,  quam  autem,  illo  adau^o,  fequebatHr  ftuidum  viri<« 
defcens.  At  eodem  tempore  ftannum  variis  in  akmbici  locis^ 
praecipue  in  tube  huic  appofito,  fundebatur  et  in  externam  fu« 
•perficiem  penetrabat.  Finita  deftillatione,  in  excipulo  inveni 
acidumet  oleum,  citra  exfpeftationem  meam,  utrumque  fluidum^ 
nee  ut  antea  coagulatum,  quan^vis  refiduum  totum  fere  in  car- 
bonem  verfum  efiet.  Hac  quidem  ratione  laberum  compen* 
dium  quoddam  repereram,  a  repetendis  deftillationibus  et  fdfi« 
onibus  abfolutus ;  acidum  vero  non  cupro  folum  inquinatum 
erat ;  fed  vafa  etiam  ignis  vi  ita  lasfa  erant,  ut  ncumHi  magna 
adbibita  opera,  aliis  laboribus  infervire  iter-um  pofient. 

Spreta  itaque  bac  methodo,  votis  non  ex  omni  parte  rcfpon* 
dente^  alia  occurrit,  periculum  videlicet  inftituendi  cum  ibiu* 
tione  febi  in  fale  alcalino,  feu  cum  fapone.  Verifimile  enim 
mibi  videbatur,  illud  dum  folveret  adipem,  acidum  praccipue, 
in  hoc  contentum,  efft  arrepturum :  quo  &£lo,  ii  oleum  fapo- 
uis  pofiet  ieparari  a  fale  iegneriano,  tuncftatio)  ad  iUud  ftadium 
procefTus  pervenirem,  quod  baud  fine  mora,  modo  in  exp.  46. 
eram  afTecutus :  qua?  autem  feparatio  facillin^  mibi  videbatur^ 
quia  fapo  a  quovis  acido,  nee  non  falibus  n^ediis  quibufdam,  in 
partes  dirimitur :  quo  deftrufto  itaque,  oleum  filtro  feparare  a 
fluido  aquolb,  hoc  evaporajpe,  tunc  addere  vitrioli  acidum,  mena 
mibi  erat.  Haec  ponderans,  percepi  faponem  conununem  non 
poiie  adhiberi,  quia  tum  lixivium  ex  cineribus  paratum  varia' 

falia 


e  phtguttudine  erutl fpcBantm  i  \ 

falia  media  contineat,  cum  fal  culinnre  adhibeatur  ad  faponem 
%t  aqua  feparandum,  quod  pro  parte  huic  fe  jungit.  Saponis 
ita  Ipeciem  mihimet  ipfi  confeci. 


K   X   B.      LVIir. 


Calcis  vivae  recentis  llbram  dimidlam  itaque  bene  obrui  cum 
falls  tartafi  libra  una,  et  llnteo  levlter  te6ta  tarn  diu  repofui, 
donee  calx  find!  et  dehlfcere  incipiebat.  Tunc  adfudi  aquas 
calidas  libras  fex,  quae  co£tse  iu  vafe  ferreo  ad  quartse*  partis 
confumtionem,  per  linteum  denfum  tranfcolui  (quod  autem  lixi- 
vium nunc  ovum  recens  fuftinebat).  Quartam  hujus  partem, 
aqua  tantifper  cjllutam  coxi  cum  febl  libra  una,  donee  maxima 
humiditatis  parte  evaporata,  quam  optime  inter  fe  coire  inciperen t* 
Affufa  nunc  lixivii  reliqua  parte  coxi  leniffimo  igne,  continuata 
agitatione,  ufque  dum  mixtura  pellucida  et  quad  mucilaginofa 
adparebat,  et  frigefa^a  gelatinae  inflar  concrefcebat,  faponi 
communif  antequam  fal  culinare  adjicitur  perfefte  (imilis.  Se« 
parando  nunc  iterum  oleo,  a  fale  alcallno  nihil  mihi  magisido- 
neum  videbatur,  alumine,  quia  partim  minimi  conflet,  partim 
non  timendum  eflet,  illud  via  humida,  quod  ab  acidis  minera«> 
libus  expe€kare  mihi  ^$  fuiiiet,  falem  fc^erianum  efle  deftrac<« 
turum,  quo  faftq  acidum  pinguedinis  in  auram  abiiflet ;  alu« 
m'lois  v^ro  acidum  tantum  modo  terne  fuas  ipfius  a£lionem  iu-^ 
fringentis  deponit,  quantum  Talis  alcalini  liberi  invenit. 

£   X   p..     LIX. 

Gelatinae  itaque  exp.  anteced.  in  aqua  folutae  injeci  alu«- 
men  pulverifatum,  quod  eodem  momento  vi  quadam  oleum 
coa£lum  in  fuperiiciem  urgebat.  Hoc  per  cochlear  cribratUm 
fublato,  iterum  alumen  adjeci;  atque  eodem  modo  perrexi 
ufque  dum  pof):  novam  ejus  additionem,  nihil  coa£ti  fuperficiem 

C  2  occu- 


I 
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x)ccuparet  amplks*,  Fluidum  colatum  (ut  terra  aluminis,  et.par- 
ticulae  quaedam  olelcoafiti  fepararentur)  ad  (iccitatem  evaporavi +. 

E   X   F.      LX. 

Ut  acldum,  quod  exfpeftabam,  ex  falefegneriano  expellerem^' 
alumen,  _adhibere  mihi  occurrebat,  ut  eo  certius  acidum  illud  a 
vitriolico  liberuni  obtinerem.  Quamobrem  addebam  2.  par- 
tibus- falls  !•  partem  aluminis  iifti,  quas  igni  fortiori  balhel 
arenae  exponebam.  Pera6la  deftillatione  iix  excipulo  invem  aci- 
dum fiimans,  ejufdem  naturae  ut  illud  exp.  ^^.  eoque  moda 
finem  concentrandi  proceflus  obtiniuifle  laetus  perfpexi.  Atta^ 
men  illi  acido  animadverti  odorem  quemdam  fulphureum  efle 
admixtum;  et  licet  cl.  bea]um4  (Chym.  exp.  t.  !•  p.  ^35*)' 
affirmet,  parum  acidi  ex  alumine  expelli  vi  ignis  folius;  tamen 
a  vero  propius  abefle  in.  hoc  proceflu  mihi.  videbatur  partes 
oleofas,  maflfe  noftrae  falinae  adhuc  adhaerentes,  feparationem- 
acidi  a  terra  aluminofa  promovifle.  Qua  re  motus,  potius 
oleum  vitrioli  adhibere  decrevi,  quia  tum  ignis  gradum  pofcat 
minorem,  cym  tota.  mafia  falina  minor  fiat. 

E    X    T.      XXI. 

•Trlbus  partibus  maflk  noftr»  felinae  J^  affudi  imam  ofei  vi^i 

*  Rcitcratis  periculis  hanc  erui  partium  proportionem.    Libris  x.  gclatrnae,  in 
aqua  folvendx,  addantur  fiicceffive  aluminis  unc.  xxrt .  (quarum  aqua  ciyftalHfa* 
tionis  erit  cipca^  uuc.  xi«  terpa  aluminoia  oz.  Vf.  cum  dknidia)^.    Mixtio  hax:ce^  ' 
colata,  evaporata,  dat  falls  unc.  xxi.  cum  dimidia,  quod  ex  tartaro  vitriolatOy 
fale  fegneriaDO  et  aluminis  baud  deftru^i  parte  compofltum  eft. 

f  Si  fluidum  illud  ad^  cry^kalUfaudjlim  i^oponere  placet^  adbibito  .iludio,  tartarvs 
vitrlolatus,  et  fuperfluum  aluuiea  quoad  maximam  partem  inde  feparari,  et  quod 
reliquum  eft,  infpiiTari  tunc  poteft :  quo  fafto  mafla  falina  valde  imminuitur. 

X  Optima  proportio  bare  eft:  falis  noftri  (exp.  lix.  not.  *)  |  adduntur,  olci* 
vitrioli  unc.  iv.  cum  dimidia ;  acidum  tranftillatum  adjicitur  rdiqux  maflse  \y,  ut 
Jboc  modo  re£tificQtur.     Tuqc  habcbis  circiter  unc.  v..  acidi  limpidi  fumaotis* 

tribli, 
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trioli,  quod  ftatim  vapores  grifeos  extricabat,  acidura  pingue- 
dinis  redolentes.  Minor  caloris  gradus  fufficiebat  omni  expel- 
lendoacido:  nam  et  maximus  nihil  amplius  educebat  praeter 
quafdam  guttas  olei  ex  bruno  rubri  *. 

Ut  cognofcerem,  an  vitriolico  acido  nofthnnfit:  inquinatum, . 
partem  ejus  quandam  fuperfudi  foluto  faturni  faccliaro,  qua 
metalhim  exturbatum  nou  iterum  folvebatur  adjedlo  viniaceto^. 
quamvis  lUud  digeftione  et  ipfa  codlione  fedimenti  tentaverim  +• 
Dete<fto  itaque  acido  vitri^ico,'  feparandum  illud  efie  ab  acido 
noftro  putavi,  ii  nimirum,  novae  maflae  falinse  adje<^utny  iterum 
CYocaretur :  qua  videlicet  methodo  acidum  vitriolicum  fair  alca- 
lino  Aubens,  pinguedinis  acidum  expelleret  J. 

*  Nbtatu  dignum  e((,  quod  qiiavis  via  po(F  evocatilm  acidiim  obtinerem  aliquid  ' 
faTis  ammoniaci  ani  mails  iicci,  quod  fcilicet  in  aqua  folutum  ienfum  frigoris  exd- 
tabat,  cum  calce  viva  tritum  odorem  fpargebat  alcali  volatUis,  etcum  acidp  vitriolic 
illam  acidi  |M0gucdini8.  QjQod  vero  fal  alcalinum  volatile,,  cum  non  ihefle  videba-* 
tuf  adipi,  ut  lateret  in  fale.  tartan  (cf.  d.  tviegleb*  de  (alibus  alcaliois)  vel  ut. 
hoc,  ope  olei,  volatile  fit  redditum  (de  quo  autem  xlubito)  necefle^d. 

f  CI.  B.ETZIUS  in  \tk.  Acad.  Stockh.  t.  32.  p.  216.  con  tend!  t,  certum  hoc  efle 
iadicium  ab&ntis  acidi  vitriolii  fi  fedimentom  ex  Taturni  faccharo  foluto  per  ad« 
jedum  acidum  ortum,  refolveretur  addito  nitn  acido;  fed  contrarium  expertus-» 
fuoi.  Adjedii  cnim  drachms  u  acidi  noftri,  guttit  olei  vitrioli  >qi|atuor,  .fedi> 
oc^ntum  quidemin^ faturni  faccharo  foluto  oriebatur;  non  ftatim  folvendum  per 
nlcri  fpiritiun,  fed  decantato  a  fedimento  fluido,  et  adjed^a  nova  nitrofi  acido  por- 
tiotic,  hoc  utique  difparebat.  Quod  fi  vero  eodem  menfFruo  plumbum  pracipi- 
tabatur,  hoc  per  unc.  iv.  aceti  vini  nuUo  modo  ntrfiis  diflblvere  valebam,  quam* 
rit-  drachm,  v — ^vi.  fufficerent  diflblvendo  fedime&to,  abfque  guttis  iv.  acidi.* 
Titriolici  exorto. 

t  Hac  methodo  in  ufum  vocata,  etiam  uti  licet  cineribus  clavellatis-  ad  confi- 
ciendum  faponem  nodrum ;  nam  re£tificando  acidum  noftrum  fuper  nova  mafHe 
^linse  quantitatei  quodlibet  acidum  mbcrale  illo  pinguedinifl  admixtum,  in  ilia, 
vaifa  remanct*. 
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Acidi  itaque  noftri  unc.  iv.  novae  maflie  falinae  unc.  i.  adjedtas 
leni  igiii  expofui ;  quo  fafto  in  excipulum  traiiftillabat  aciduox 
fumans,  coloris  limpidi,  quod  faturni  faccharo  foluto  admix* 
turn  fedimcntum  quidem  producebat,  ad  refolvendura  adjedla 
vinl  aceto. 


B   X  P.      LXIir. 

Concentratx  acidi  noftri  vim  in  metalla  experiundi  nunc  ani-^ 
mus  erat ;  illudque  applicandi  auro,  quamvis  fpei  baud  muU 
turn  rationes  theoretical  injicerent,  fore  ut  folveretun     Auri  ita-^ 
que,  ferri  vitriolo  prascipitati,  granis  iv.  afFudi  acidi  unc.  i.  quod 
leni  calore  digeftum  limpidum  colorem  in  aureum  mutaverat ; 
iQagna  licet  metalli  quantitate  in  fimdo  adhuc  remanente;.  cu^ 
jus  vero  coloris  rationem  peregrino  cuidam,  auro  forte  adhac-^ 
rentiy  potius  tribuens;   idem  cum  hujus  foliolis  periclitatua 
fum ;  fed  pari  eventu*    Quam  itaque  folutionem  apparentem 
ut  promoverem  majore  calore  adhibito,  acidum.  cum  foliolis 
xetoftae  parvaei  indidi  aliamque  implevi  cum  eodem  acido  atque 
granis  iv.  platinas^  et  ex  utraque  fluidum»  coquendo,  evocavi^ 
quod  rurfus  reiiduis  afRidi  et  digefli..    Color  in  ntroque  fluido 
aureus  erat,  metallorum  majori  quantitate  licet  in  fvmdo  rema* 
nente.    Phaenomeni  baud  epcfpedati  novitate  perculfus,  atque 
dc  aliis  metallis  folvendis  cogitans,  foUola  argenti  noftro  acido 
immifi ;    quae  vero,   cum  difcerperentur,  fluidumque  aureum 
colorem  indueret,  non  potui,  quin  ex  hoc  qplore,  fblutioni 
argenti  minime  convenient!  in  earn  inciderem  opinionem^  ilium 
a  iblo  ipfo  acido  pendere» 

EXP. 
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ie   X   p.      I-XIV  — LXXIV. 

Unam  itaquc  acidi  limpidi  unclam  coquendo  deftillavi  ad  di- 
midiam ;  quo  £a£lo  refiduum  aureo  cxinfpicuum  erat  colore ; 
finita  vero  dcftillationc,  fiuidum  m  excipulo  tranfparens  erat^ 
in  retortae  fmido  vcro  animadvertebam  circulos  brunos  concen- 
trices.  Fiuidum  ex  cxcipulo  infundebam  liovx  retortae  purae, 
iteriimque  deftiilabam  ad  (iccitatem,  remanente  pari  materiaE^ 
brunse  quaiititate.  Eandetn  operationem  repetii  o£kies  eodem 
mode;  et  tiltima  vice  eandem,  quam  prima,  repperi  refidui 
quantitatem  ;  quod  vero  perfefte  iiccatum,  in  aqua  plane, noti 
ct  in  ipfo  ejus  acldo,  modo  difficulter  folvebatur ;  quin  nitrofo 
acido,  nifi  calore  adjuto,  baud  cederct.  Acidum  jioftrum  fii* 
mandi  vim  amittebat ;  ejus  vero  acredo  minime  quav  is  deftilla* 
tione  fie  decrefcebat,  ut  differentia  fenfibus  percipi  poflet ;  qua& 
autem  fatis  confpicua  erat,  fi  quod  prima  vice  ^eftillavefat^ 
cum  fluido  quartan  deftillationis,  vel  hae:cce  cum  o£tava  compa* 
reretur. 

Notatu  dignum  utique  eft,  quod  hoc  acidum  diftillando,  vet 
digerendo  cotorem  fuum  mutet,  et  quod  antea  totum  volatile 
erat,  nunc  fedimentum  dimittat,  et  acredinis  vim  perdat,  ita 
ut  a  vero  propius  abeile  videatur,  quod  pertinaciori  adbibita 
opera  tandem  penitus  deftruatur :  qua  itaque  ratione  medium 
cfle  noftrum  acidum  cenfendum  eft  inter  acida  mtneralia,  ace* 
tumque,  eaque  acida^  quae,  ut  tartarus  et  acetoiellae  fal,  fine 
integra  virium  jaftura  plane  tranfiillari  nequeunt* 

Conviflus  hifce  rationibus  de  fallaci  auri  in  ncido  fbluti  au-^ 
{urio  ex  colore  aureo ;  alia  inftitui  hac  de  re  experimenta. 


-^  B  X  r. 
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E   X   P.      LXXV. 

Auri  puri  bradlcolam,  et  platinae  granula  quaedam  in  vafif 

Vbeiie  occluiis  ,per  6.  hebdomadas  calori  fornacis  expofui :  flui^ 

«^  dumque  tunc  decantavi^  ut  adjedto  fale  tartari  viderem,  an  pars 

quacdam  ex  illo  praecipitaretur  *,  quod  quidem  minime   eve- 

niebat»     £x  hac  vero  mixtione  calori  iterum  expolita,  pulvis 

^  defcendebat,  qui,  fluido  decantato,  aqua  edulcoratus  et  ficcatus 

albi  coloris  erat  -f.     Quas  quidem  terras  fpecies  hoc  modo  non 

folum  non  e&rvefcebat :  fed  etiam  digeftione  adhibita  difficil- 

lime  folvebatur;  alia  et  contraria  ratione  intermiila  nimirum 

ficcatione  fe  habebat ;  cui  folutioni,  an  quid  metallici  iniit,  ut 

explorarem,  tinfturam  fulphuris  volatilem  beguini  (metallorum 

optimum  proditorem)  adjeci ;  fed  praecipitatum  fulphur  ejuf* 

dem  erat  coloris,  ut  cum  puro  acido  fadum. 

Hifce  obfervationibusindudlus  pulverem  ilium  terram  mcram 
efTe  qpinor,  quam  acidum  noflrum  fecum  attoUebat,  quaequc 
terrarum  alcalinarum  communium  qualitatibus  Tiaud  induta^ 
ob  volatilem  naturam  ad  illam  fluons  mineralis  pertinere  vide- 
tur ;  quod  vero  affertum  experimentis  probare,  parca  fedimenti 
quantit-as  vetuit^ 

♦  Mirum  forfan  poiTet  vidcri,  qiiarc  folutioncm  ftanni  in  aqua  regia  non  adjc- 
ciflem  :  negarc  quoque  non  jiofTum,  noc  ab  ilia  in  periculo  quodam  adhibita,  rubri 
colons  vcftigium  obfcrvaffe-:  fed  abcadcm  ftatim  abftinui,  cum  cafu  vidercm,  fluida 
fiipcmatantia  praecipitationibus-  (c  folutionibus  plumbi  ftanni,  reguli  antimonii^ 
bifmuthi  et  mercurii  per  acidum  noftrum  fastis)  confufa,  inviccm,  novum  prabcrc 
fedimentum,  rubeilo  colore  confpicuum,  cujus  caufa,  ut  infra  patebit,  in  (lanne 

Jatere  videtur. 

+  Idem  fere  phanomenon  obfervavi,  niifcendo  et  digcrcndo  folutioncm  alcali* 
laam,  cum  pinguedinis  acido,  quod  cum  argento  et  bifmutho  antea  di^elFeram* 

;;  K  X   F. 


t  pJn^uetudinp  eruti  fpe^antia.  \  ^ 

EXP.      LXXVI. 

Auri  nunc  calcis  per  fal  tartan  parata^  gr.  viii.  cum  acidl 
nafld  uuc.  dimtdia  per  neniis  fpatium  digelTeratn,  cujus  tamen 
magna  adhuc  pars  iii  fundo  vafis  remanebat.  Fluido  colato  ad- 
didt  tinduram  fulphuris  volatileniy  quo  fafto  mixtum  colorem 
e  coeruleo  grUeum  adeptum  f^t^t.  Subfidentta  fa^a,  colatoque 
tunc  fluiidoi  y^fiduum  m  filtro  ilcsatum  e  nigro  flavum  erat, 
auri  (bluti  pra^entiam  fie  demonftrans ;  quod  autecn  luculeor 
cius  adhuc  apparebat,  evaporata  parte  quadam  illius  iblutionis, 
e  qua  tunc  cryftalU  e  fiave  braaae,  iigune  incertas  prodibant. 

s  X  «•     hTSLVn. 

DiflSlcQltatem  folvendi  auri  vinoere  cogitabatn  addendo  alia 
acida.  Pari  ttaque  aureas  calcis  portbuiy  afiundebam  acidi  piti- 
guedinii  guttas  40.  quibus  iii  uno  vafe  addebam  guttas  2o« 
acidi  aitrofi  puri|  in  altera  tantundem  fpiritus  Talis.  In  priori 
vafe  ftattm  fere  conipiciebam  buUulat  aereas  feie  extricantes, 
atque  ibluti<mis  initium  indicantes:  pofterius  nuUam  muta- 
tionem  patiebatur.  Ucrumque  poftea  leoi  calore  fovi ;  fed  licet 
iolutio  in  priori  increfceret ;  tamen  in  pofteriorl  nullum  ejus 
apparebat  veftigium.  Utriufque  fluid!  guttas  8.  infundebam 
induas  ftanni  Ibluti  atque  diluti  portiones,  quarum  prior  purpu* 
ram  ftatimdimittebat,  pofterior,  mutato  haud  colore  turbidum 
modo  aliquatenus  evadebat. 

EXP.      LXXVIII. 

Quo  ex  periculo  cum  fpem  haurirem,  fore  ut  aurum  metal- 
licum  ipfum  folverem,  ejus  bra£teolac  fuperfudi  guttas  80.  acidi 
pinguedinisy  et  guttas  20.  acidi  nitrofi  puru  Eodem  fere  mo- 
mento  tota  gus  fuperficies  bullulis  aerm  teda^  placidaque  erat 
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illius  folutio ;  additis  vero  adhuG  acidi  nitrofi  guttis  20. ;  haecce- 
magis,  magifque  increfcebat,.  donee,  calore  adjuta,  totam  brae- 
teolam  confumerct.     Quod-  quidem  phaeriGmenon  argumentumr 
efle  pcteft  difcrimin is,'  acidum  noffrum  mtepet  illud- falls  inter-' 
cedentis  :  certo.  enim  certius  cfle  videtur,  *  duas  paiites  acidi  falls- 
fumantis,  et  unamaquaefortis,  aurum  non  pofle  difTolvere ;  im- 
primis fi  digeftio  non  adhibeatur  :  quam  ob  rem  itaque  pingue- 
dinis  aci4um  fuo  jure  inter  efficaciora  a6ida  locum  (ibi  vindicare 
videtur.  '  '        '*  '  ''     .  ^        '  '»  ' 


•      E   X   ?•      LXXIX. 

Platihae  calccm  ex  aq\ia  rjegis  per.  tartari  fal  praecipitatam,, 
codem  modo  (exp,  76.)  traftavi,  cujus  folutio  colata  cum  be- 
guini  tinftura  fedlmentum  deponebat  obfcurioris-  colons,  quod 
in  filtro  collegium.,  ficcatum  ex  flavo  brunum  erat.  Solutionis^ 
altera  pars  evaporata'in  cryftallos  oblbngas  ex  flavo  brunas  coil-.-. 
crefcebat ;  quarum  cbpia  ilia,  ex  auro  obtentas  multuni  (w^^ 
^erabat. 

E   X   Pi      LXXX. 

Argenti  foliola  ab  acidb  quidem  noftro  corrofaj  parum  famen- 
folvebantur ;  paucae  interim  ejus  particulae  cupro  immiflb  ad- 
baerebant ;  et  falis  acidum  afRifum,  aliqualem  fed  vix  conlpi-^ 
cuam  praecipitationem  producebat.     Argenti  vero  calx  conti-^ 
nuata  digeftione  folvebatur,  ex  quo,  adjedta  tinftura.  beguinfj 
metallum  fulphuri  adherens  fundum  petebat,  quod  in  filtro 
colledum,  et  iiccatum  nigrefcebat.     Solutio  evaporata  in  cry- 
flallcs  coibat,  albo  colore  (ut  argentum  nitratum)  baud  confpi^ 
cuas ;  id  quod  acido  longa  digeftione  obfcuriorem  colorem  in- 
duenti  tribuo,  oleum. vitrioIi,(minime  vero  falis  fpiritus)  folu- 
lutioni  admixtum,  fedimenti  quid  procrcabat, 

E   X    P. 
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,  la  mercurium  noftrum  quidem  acidum  hand  agere  videbatur  ; 
^ied  hoc  ab  illo  altera  vice  abftrahendo,  obfervavi,  metallum  111 
.  pauco  fluido  refiduo,  mobilitatem  fuam  folitumque  Iplendoreni 
jperdidifle,  et  in  maflam  quad  cyllndraceam,  circumagendo 
vitrum,  coire.  Quae  quidem  omnia  fluido  tranftiUato  iterum 
afFufo  adhuc  perftabant ;  admoto  vero  digeftionis  calore  rurfus 
evanefcebant  •  Poftquan  oouie  apidwn  ad  {iccitatem  abftraffcum 
erat,  fupjerficiei  retoxtse  majorem  partem  velut  amalgamate 
obdiwSkam  depreliendi,  quod  non  a  ttiercurii  globulis,  fed  a  foli- 
dis  quafi  argenteis  pendere  videbatur,'  quae  parti  abftrafttt  ite- 
rum afFufle'  pro  "tempore  innatabant,  tandem  vero  fubfidentes, 
fblvebantur;  id  quod  plus  una  vice  obfervavi;  colata  fblutio 
cupream  laminam  dealbabat ;  fed  ilia  ab  adjeflo  fale  communi 
non,  turbabatur;  mixtum  vero  hoc  fluidum,  colatum,  cupro 
adhuc  argenteum  induebat  colorcm.  - 


EXP.      LXXXII. 


Facilius  adhuc  calx  (a  mercurio  fublimato  cum  tartar!  fale 
*xemixto,'exorta)  ab  acado  noftro  fufcipiebatur  abfque  caloris 
adjumeiitd.  Qjipd-vero  mixtum  (exp.  8t.  motus)  deftillare 
decrevi  in  aren*  b&lheo;  cujus  fub  initium  fluidi  aliquid  tranii- 
bat,  ppftea  vero  patilulum  adaudo  calore,  parj  quasdam  fubli- 
mata  alba  cello  retortae  adhaerebat.  Haec  antem  nova  mercuric 
fublimati  fpecies,  aquae  deinde  immifla,  difficUiias,  adhibita 
etiam  digeftlone,  folvebatur,  et  adje£to  fale  tartari  feditnentum 
album  dcponebat.  Cum  beguinitrn<9ijra  commixta  ftatim  in 
fubftantiam  nigram,  paulo  poft  in*  cimiabarim  mutabatur;. 
cupro  attrira,  exa<5te  licet  ficca,  nlbanpi  ci  inducebat  fuperficiem^ ; 
(id  ^uod  niercurius  quoque  fublimatus  co^iimunis  praeflat).  Noj- 

D  2  *^     trum 


20  Nwa  Experimenta  Chemica  Actdum 

trum  itaque  aciduni)  excepto  falfe  dddo,  iblutn  omnium  eft 
quod  fublimatum  ficcum  cum  mercurio  facit,  atq«e  (quod  fin-* 
gulare  uttque  eft)  leniori  adKuc  caloris  gradu,  furgtl.  Ateaa 
enim  infcrius  circumdata  iretorta  Jncumbebat,  receptacuto  ek 
tenui  fern  lamiaa  coofefUs  atque  lateribvrs  codis  fupci|)ofita: 
quo  modo  ignis  vis  et  ob  defickntem  craticu]ai%  et^JSb  ^snmaft 
foci  fpativm  ms^na  baud  eflb  poterar. 

Cupinim  -ablquc  pnaevia  digeftione  iolvebaturt  te|l^  Viridi^ 
fluidi  colore ;  quas  vero  adbibka^  iUod  promovebat.    Evapo*^ 
rando  quidem.  cryfialli  apparebant^  in  aere  aotem  ^xom  delique« 
fcentes^ 

S  X  K      LXXXiV* 

Ferri  factiis  iotutio  faporiis  erat  adftria|}e&tis ;  in  crfflaDoi^ 
coibat  acicularesy  humiditatem  atmo^haericam  vix  attrakentes.. 

B  X  Vw     LXXXV» 

Plumbttm  difficilius  iblvitur^  et  potius  BMdo  corrodkur^ 
mintttda  Veto  acidum  £icile  fubit,  quod  jam,  ante  plenariam 
folutionem,  rubram  colorem  exuit ;  albo  tunc  pulveri  iimile.. 
In  foludonis  (quae  a  faie  culinari;  baud  mutatur)  faturatar  fuper^ 
fide  orivDtar  ctyftalli  ad  li^*  fexe  longas^  pugiuncuE  forma 
pras^tie,  tandem  defidentes ;  quarum  fapor  didcis  quid  habet« 

X  X  F#      LXXXVI. 

Regius  antimonii,  abftrahendo  acidum  ab  illo^  fbtvitur  t  fi 
vero  fluidum  in  excipulo  iUi  in  retorta  adhuc  refiduo,  s^n<fi* 
nir,  Ia(!leum  aflumit  colorem,  nee  pelluciditacem  nifi  adlufaita 

di^geftione 


J 


e  pingmtudini  tfutf  jpe&dntia.  2^ 

digcftione  rccuperat.    Evaporata  folutio  in  cryftallos  abit,  iii 
aere  haud  deliquefcentes. 


EXP.      LXXXVlh 


Sotocb  aiDci  faoiC  aepibo  petagitiir^  (pne  iiagulari  fapore 
mftaUfeft  pradkt  cft»  et  ai§eflDdBJe  tartan iedimeuttmi  'album 
4ffMatf  ^^tuAikaasix  admfrtoin.(\tf:  2j|idikiifii)(&v.iaBi  evadit. 


£  X  p.    Lxxxviir* 

Stanni  A&laccenfis  raiura  ab  acido  noftro  in  pulverem  flave- 
fcentem  conodebatvur ;  et  majori  quidem  adhuc  vehementia,  (1 
caloii  QKpontKtu^  £k  at  hujos  unc.  ditnidta  deftraendis  iNius 
fcn^.ix^  .fifficeMt.  Odor  ex  mixtttra  fwgens  imxime  ingta- 
tu6,  et  flli  feie  fimiiis  enft,  quem  ialis  acidum  cum  zinco  edit* 
Fkadam  pancum  fiymatgns  tuf btdum  erat,  quod  omni  ftudio 
decaatacom  chartapfcolKite  itiperfudi^  iedlioud  mutatum.  tranfi* 
bat:  quxn  ckafttim  Mub  'dupltcafeam,  immo  quadruplkataot 
penetnurct ;  haud  mioas,  ^qoam  antea  turbulentum.  Aliquo 
teo^we  poft  pulvis^iubfidcbflft  flaveicens,  atque  ei  fupematans, 
Huidttm  pdUnddiim  miofCt  jMilchie  foieo  Ipkndebat ;  quod  de« 
cantare  fruftra  tentabam ;  fimulac  enim  vkmm  folum  modo 
tangebam,  fumma  imts  mifcebantur ;  et  fluidum  chartam;  bi-* 
bulam,  eadem  fub  ipede  turbida  penetrabat ;  poftea  iterum. 
fubfidens.  -Cui  veto  colon  rubro  fedimentum  rubellum  (exp. 
75*  n.  *)  tribuendum  videtun 

Hanc  corrofam  calcem  ftanneam  d^erebain  aq^u  dddUlata, 
quae  colata  dein  atque  evaporata  relinquebat  fal  album  facile  de- 
liquefcens :  quod  fi  vero  eidem  calci  affunderem  novam  acldi 
copiam^  iit  eandem  ex  toto  in  fluidum  rofeum  liqucrem,  ilia 
quidem  mox  colore  iflo  Draata^  fed  fedimenti  quantitas  haud 
imminuta  erat ;  quae  nunc  calori  expofita,  illud  non  foium  noti 
Iblvebat,  fed  et  gratum  coloiem  cum  fiavo  commutabat* 

7  X  X  PW 
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S  X  V.      LXXXIX. 

Bifmuthum,  per  longum  quidem  temporls  fpatlum  cum 
acido  licet  digeftum,  non  folvebatur;  contrarium  vero  eve- 
iiiebat  adhibita  calce  (quam  ex  folutione  illius  cum  nitroib  acido 
tnulta  aqua  diluto  fa&a)  dejecerat  admixtum  fal  alcalinuoL  Quae 
vero  folutio  ab  aqua  adje^  la^fcebat ;  et  feditxibntuixi  album 
dimittebat ;  ab  acidis  vero  vitrioli  et  falls  mutationem  nullam 
jexperiebatun 

EXP.      XC* 

Cobalt!  ex  fmalta  redu£lus  regulus,  eodem  ut  bifmuthum 
modo  digeftus,  eadem  pertinacia  acido  reiiftebat :  calx.yen>t  t% 
iiitrato  cobalto  per  tartari  fal  defidens,  eidem  &cile  cedebat  *. 
Cujus  folutionis  drach.  tribus  cum  wiam  uitri  adjicerem,.  ^t 
dedillatlonem  iuftitfierem,  hac  ad  sxiedium .  perduda  vaporos 
percepi  ildvos,  yerfus  .illius .  finefo  .njibijos .  {e^^  ^ ^  ^  7  )•  : ^^^ 
tem  falls,  jam  cryftallifati  et  viridis  diilifl^€i  obfettabam  ^albari 
A  vaporibus  nitrofis;  quod  deinde  folutum  in  aqua,  fpeciem 
conftituebat  atraracnti  fip  didli  fympathftiqi,  ex  flavo  virido- 

EXP.      XCl. 

In  regulum  niccoli  (repetita  faepius,  etiamadjeflio 'carbon um 
pulvere,  toftione,  eique  interpofita  fufione  cum  nitro,  calce,  et 
borace  pafatam)  nulla  fere  er^t  acidi  noftri  etiiam  cUm  ilio  digefti 
aftiou     Adjedlum  ei  fal  tartari' nihil  deturbabat,  quum  e  con- 

*  Hacce  folutio,  calor4  eicpofitay  partem  aliquam  tJimittit,  qua  poftea  non 
literum  fufcipitur^  id  quod'tn  aliisifolutionibus  e.  g.  niccoli  et  bifmuthij  quoqijc 
^bfervavi. 

trario 


-e  phiguetUdini  i^rutlfpeSidntia.      t^  %^ 

trario  tindura  beguiniy  parvam  metalli  quaotitatem  fulphuri. 
unitam  dejiciebat.  Calx  e  niccolo  nltrato  per  alcalinum  falem 
praecipitata  abfque  digeftione  diilblvebatur  ab  acido  noftro,  cujus^ 
color  evadebat  viridefcens,  et  adje£tis  acidis  vitriol!  et  nita  nihill 
diinittebat.  *  , 

EXP.    xcn. 

Arfenicum  album  magna  cum  diffiailtat^,  digeftioQe  licet  ^ 
adhibita,  folvebatur  fie,  ut .  ejus  fcrupulus  unus  ab  acidi  uncxat. 
dimidia  vix  fufcipeFetur*^    Caloris.  ope  autem  banc  fubibat  major 
iQius  copia,  quam  eo  abfente  fuftentari  poterat ;,  quo  fa£tam.ut 
tunc  parkas  cryftalli  fundum  peterent.     Si  noflrsefolutiosii  im^ 
mittebatur  euprum.,  ilLud  nihil  dejiciebat^i  fed  potiu$  pro  parte' 
ab  acido    fufcipiebatur.     Parte   aquofa   fenfim  evaporante,  fal 
apparebat  c  viridicoeruleum;  fub.fincm  vero  aliud  f^turate  vi- 
rlde;  luculento  argumento,  prius.  effe  compofitum  isx  arfenici' 
aadoet  cxipro;  alterum  ex.  noitro  acore,  eodemque  metallo. 

Altera  pars  foluticHiis  adjefto  falp  alcaUno  niliil  dimittebat ;  ea 
quoqueparSy  cujusfluidum  in  auras  abierat^  adje£to  oleo  tartaii 
per  deliquium  ex  ihtegro  folvebatur;  quod  vero  non  ita  multo 

•   • 

poft  fedimentum  dcponebat,  nova  falls  tartari  portione  non  aufe-* 
rcndum ;  idque  fal  neutrum*  arfenicde  foifie,  parca  aquae  quan?*- 
titate  baud  folvehdum  cenfeo. 

£   X,  P.      XCHI.    • 

Magnefii  mineram  llfeldenfem  digerebara^  cum  noftro  aeido,, 
<ltiod  illam  in  initio  corrodebat,  pulveremqoc  nigrum  a  cryftal- 
Kformi  minera  feparabat ;-  deinccps  vero  ill  am  in  parca  baud; 
quantitate  folvebat.     Quod  cum  aliis  metallis  digeftum  acidum. 
cobjFem  brunum  induebat,  cum  magnefio  nuUam  patiebatur 
mutationem ;.  et.  odorem  fpargebat  ad  ilium  folutionis  flanneae 

.  acce* 
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atceitteitecft ;  fapbrii  6tac  me^lid.  Additaaipn  ilkm  turbidaoi 
psauluhxitt  Mildeb^.  Vitrk)l}cu»  acidcoki  tero  nihil  dejkiebat 
(indiciot  tettttft  eialeaream  Miners  hand  ineflib)  cum  fale  fixo 
aicalbo  mixtutl!! ;  fecfimeRt^NAi  Co^idTum  dittiittebat,  quod  fta* 
dm  novo  adje€U>  acido  itenim  difparebat ;  fi  vero  converfa  via 
iai  ^Icalinum  fedimeato  majori  adhuc  copia  fuperfunditur,  illud 
diflblvit ;  iAjc&o  vero  tunc  acido,  e.  g.  falls,  metallicam  par- 
tefti  iter^Hn  dept>iiitf.  Tm£kura  begumi  acid^s  nafWae  ^^Ixitioni 
ailmtitta  defofMnt  ^infe  it  ferebot  rubeUum,  et  ^use  copiofiilnne 
cfiimttbbat,  fitea^  cyai9em  adhnc  etant  €ok>r4& 

^Atfibkfli9«diie  ^  qu»  de  aftione  acicK  aofta  ia  metalia 
diefendk  t¥imt^  ft|)6reft  adfanc^  vt  Ttdeamu^,  quam  ntioaem 
biA^kt  idfciii  ttcHute  .mfttalliGis  Ibiudontbut  adjeawB^ 

Pr^cipltat Jones  metallorum^   in  alih  aciMs  jolufcrtrtn^  per  adS 

pingueMnis  admixtltmem  exorht. 

« 

Jiurum.  Hujus  metaUx  ibludonem  in  aqua  regis  (quam 
vitro,  in  quo  medicameiita  fliuda  aHfervari  fblent,  infiideram) 
aeri  libero  expofi^eram,  ek  %iia  hac  ratione  tandem  pulchrae 
cryAalli  flavas  exortae  erant^  quae  figurae  falls  communis  appro- 
pinquantes,  ex  fuperimpofitis  lamellis  angulatis  conftabant,  in 
acre  vero  per  plures  hebdomadas  detentair  haud  diffludiant  *. 
Qiias  quideiti  cryftallos  in  aqua  iblvebam  -delHllata  fimpltci, 
qua^,  adjefto  noftro  actdo,  iedimentum  flavum  dimittebant. 
Decantato  fiuido,  illud  lavabam  nova  aquae  quandtate,  qua 
defufa,  cum  alia  gufdem  deftillatae  pordone  adjedo, 


*  Aliquo  tempore  poft  mvt&thzm  fiaice  er/flaltoe  motutn  velut  inteftmum 
aflas,  volunune  adje^lo  in  farinofsUB  vtel  fiocadentamfubfiamiain mmttae« 

turn 


.    ^  pinguetudine  eruti J^effantia.  ^s 

turn  per  plurcs  dies  dijgefli,  colavi,  cvajporavi,  atque  hoc  mado 
obtiuui  refiduuroi  a^uam  ex  aere  attrahenW 

*  »  X  p.    xcv. 

Platina.  Ex  ejus  fblutione  in  a^ua  regis  acidum  noftrum 
dejiciebat  pulverem  fere  aurantiiim,  qui,  edulcoratus,  multa 
aqua  fiiperfufus,  digeftus,  colato  atque  evaporato  fluido,  rcfi- 
duum  exhibebat  e  grifeo  flavidum,  quod  iii  aere  auro  minus 
diffluebat. 

Argentum.  'Quod  addutn  pinguedlnis  es  ftf gento  nitrato  pi^as* 
cipitabat  *,  coloris  erat  grifei  pauhilum  in  inbellum  vergmtis  } 
et,  edulcoratione  praegrefla  cum  aqua  digerebatur*  Cujus  parti- 
uuladdebam  guttas  aliquot  acidi  ritriolici,  t  quo  imperftAa. 
oriebatur  praecipitatio :  altera^  evaporata,  relinquebat  refiduum 
aquatn  valde  attrahens :  argentum  vitriolatum  ftatim  adjedo 
acido  fedimcntum  album  dimittebat;  luna  vero  comua  cum 
acido  digefta  haud  mutata  videbatur* 

S  X  F*      XCVJf. 

Merewrm.  Acidum  naflxum  album  pi'oducebat  iedunaatUm 
ex  mercurio  nttcato  f «  Sed  (quod  notatu  quam  maxime  dig^ 
num  mihi  videtur)  idem  ex  fublimato  aliquid  exturbabat  \ : 
afiiifo  enim  illo,  mixtio  paulo  poft  ladea  evadebat ;  pulveitm 

*  Promptior  adhuc  ent  pnecipitatio  per  fal  asunoaiacuin  animale* 
t  ECe  qaoqoe  ntgit  tdkncpnecipitalMtiir  adj^Ao  fide  aaunooiaco  aninMli> 
X  Mercarias,  acido  fidit  optimenvpCuty  addito  ackb  vitriolico  naininieiiiiitatttrj^ 
atf tte  fi  aqu«,  fide  felenkico  fiete^  fublimatum  Iblvcntesy  aliquid  flavi  depooatft^ 
(cf.  d.  BBAVMi  Cbym.  t*  II.  p*  434.)  quod  et  ipfe  vidi,  tribuendiim  mihi  hoc 
videtur  affinitati  duplici,  quum  nimirum  acidum  fidis  tenwi  catorcam  quoqua 
anety  eamqne  ob  rationem  metallum  vitrioiico  acido  ccdau 

Vol.  LXXIL  £  deixi 
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dein  album  dcponens ;  qyod  eo  citius  evenit,  fi  mixtum  digc* 
ritur,  Fallot ;  aut  hoc  fedimentum  album  ex  fublimato  cx)rro- 
fivo  hac  ratione  ortumcriteriiinftar  efle  poteft  ad  diftinguendum. 
acidum  noftrum  ab  ^liis,  praecipue  vero  a  muriaticQ.  lUud  vera 
fedimentum  ablutum,  digeftum,  m  aqua  folvebatur,  *  eique  im- 
raiflum  cuprum  albeicebat;  ead^m  quoque  folutio  evaporata 
refiduum  dabat  album,  inhere  non  liquefcens^ 

E  X  F.      XCVIII^ 

Ptumbum.  Quae  e  fatnmo  niteato  defcendebant  cryftallp 
parvas.  aciculas  fprmam  .gereates,  ^dulooratae,  aqua  digeflac  ^ci- 
lius  folvebantur ;  acidoque  tunc  vitriolico  admixto  fedimentum 

dimittebant.    -Pinipata  illius  iblutionls  humiditate.  iuperfles* 

> 

crat  pul.v}$  2^quan>  patu^i  at^raiacas..  . 

Btfmuflmm*  Nitrofuoi  aesdum,  metalU  ope  digefUoni^  fblf* 
vendo  deftinatum,  tanta  aqradcopiaxUkitum  erat^  uc»  folutioQe 
perada,  nova  ill!  admixta  aqua  nihil  prarcipitareL.  Simulac 
vero  acidi  noftriguttae  ^fiquotF  acceidcbaiit,  puluercm  album  deji*- 
cicKanti  qui  ablutus,  cum  aqua  digeftus^  iblutione^cblata, '  cva- 
por&ta,  refiduuln  album  progign/epat  facillinie  liqaefcens*.    .    ^ 

-'  ...»  ,  ,  •     •  r     «  .      .  . 

•     ••...'  I .  .  .  .  r  •  •  ./      f  •      / 


Regulus ,4mtimcnih  Saturataejus  in  aqya  regis  folutio,  addltai 
aqua  defHllataf  tiurbida  evadeb^t ;.  qtaam  colatam,  nova  adjofla. 
%rqilanbnamplius  Aiutabat:  afoiaffiifo  vero  noftrd  acido,  ftatim 
*oq^|^.ritur  fedimentum  album,  ex  quo  aqua-  extraheba^ partem 
^fluidp,4iflipto  co'nfpcuam^  qufe,  humlditqtem  itcrum*  attra** 
hens,  in  cryflallos  oarvas  teui^cs  coibat. 

■     »>  • 


e  plnguituJine  eruil  fpeStantia.  2y 

EXP.      CI. 

Stannum*  In  aqua  regis  folutum  metallvra  dejiciebatur  ab 
acido  noftro,  et  colorem  induebat  ex  flavo  brunum.  Praecipita* 
turn  ablutum,  et  cum  aqua  dlgeftum  fal  progignebat  albidum  * 

faciUime  iiquefcens  *. 

■  -      .  '  • 

EXP.    cri. 

Cuprum.  Hoc  neque  ex  vitridfi  caBriilea,  liec  ex  cupro  -nitralto 
per pinguedinem praecipitabatur.  .'^^     .'^    * 

EX  p.    cm." 

Frrr//^«r,   nee  nitratum,  hec  rltriolatu^. -cum' acido  noillro 

.*'■'■  -     - 

mixta  feditnentum  diiiiittebant. 


/   4 
f      _ 


^  » 


EXP.  -CIV.  f  , 

m 

Zinaimj  nee  nltxatum,  nee  Yitxlpl^um mutabantur  abaddo 
noftro  adjedo.  '  •   /   •  :  .    7 

EXP.      CVi 

Cobalti  regulusj  nitratus  ab  acido^  pinguedinis  affiifa  ttuUam 
perturbationem  pafius  efh 

EXP.      CVI* 

£  niccoll  reguh  nee  nitrato,  nee  falito  acidum  noftrutn  ali« 
ifuid  extriearc  valcbat# 

EXP.,    CVII. 

Arfinicum  nitiatnm,  acido  noflxo  admixtucn,  nullum  fedl* 

mcntum  deponebat. 

« 

*  Haec  qasr  ab  aciio  nofiro  natakt  ducmt  pittdpitatai  nil  tSk  Tidaatnr  quia 
£iSa  mctallka  m  aqua  iblutu  difficilia.  , 

£  2  s  X  r. 


•  •  • 

;i,%  ^  Nova  Bxperimenta  C^ttma  Acidnm 

EXP.      CVIII. 

Magnejium  nitratum  nuUam  converfionem  expertum  eft' a 
noftri  acidi  admixtIone« ,  ^ 


Acidorum  diver  forum  aSlio  in  Jal  figntriamm^ . 

Qjipd  vitriclicum  acidumy.  noflrum^acorem  ejc  ialehoc  xne^o 
expellat ;  jam  fupra  protuli. 

E  X  ?.      CIX. 

iCtroJittlt  0cid$tfi§.  ^. jPiudl^«s  ialis  noilrx  drachmis  aiSudo  tan- 
tundem  aquae  fortis,  ut  vocant,  duplicis  (quam  peraOa  ejus 
praecipitatione  deftillaveram)  nulla  efiervefcentia  fenfibili  inde 
oriente.  Quod  pera£ta  dkJ[miat3o2ie  txclpulo  inerat  fluidum^ 
ikpom  itcMi  aoRii  pwpnk  erat^  ibd  ^ori  admixtum  aliquid 
aquae  fortis.  Decompofitum  vero  fuifle  fal  noftrnm,  c^ufque 
acidum  expulfum^  demonftrat  praecipitatio  celerrima  e  faturao 
nitrato^  per  fluiduQi  illud,  quod*  deftillando  obtinueram. 

*  De  figura  hujus  falis  monenda  quaedam  adhuc  mihi  Aipcrfunt*  Qjiod  ad  ter- 
rain foliatam  accedat  (£xp«  nov.  p.  a.)  aflerui,  Segnerum  fecutus,  fed  cum  illud 
majori  in  copia  paravifl*em^  et  aaftm  fsOtDam  p^rfcrutaremy  inveni  tllam  crufia 
firm  fupcriut  tcdam^  qua  vero  ablata,  huic  adhcrebanc  miiltx  ciyfialli*  tree  ut 
plnrimum  lineas  long9|  pugionis  quadrangularis  Ibrma.  confpicufle,  quaromdua 
Jatera  oppofita  ceteris  anguftiora  erant*  Si  falis  tlctlini  -qBanliias  Misia  hand 
adjeda  eft,  et  cryftalli  ficcantur  fuper  charta  bibula  $  iliac  in  aere  baud  diffiuunt : 
qua  ratione,  ut  et  cryfiallorum  forma,  a*  terra  fbliata  tartari,  mirum,  quantum 
MeraaU  Segftems  vsro  in  %om:  ttpMontm  iesc  fio  deduflais  Tidei«r»  quod  ialis 
medii  parcam  modo  quantitatem  pararet,  quapropter  latentea  Gib  cruita  ialixuL 
cryftalbs,  ob  fpatii  et  materia  defeOuaiy  obfenrare  baud  poflet.  For&n  nee  aci- 
dmn  ejtn  abi>leofit  pattiewiis  fatli  tibttruoi  f  we  ad  ftttmtianom  alkid  fid  aicali* 
amoy  qiiam  cineres  clavellati,  adhibitum  erat. 

BXT. 
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*  E  X  r.    ex.  % 

Murtattcum  acidutiu  ^£quale  noftri  falls  medii  et  acidi  mu- 
rktici  pondus  commifcebam :  qua?  deftiUata,  exhibebant  acidi 
pinguedinis  drachm,  ii.  proprio  odore  praeditas^  et  e  fublimato 
corroiivo  pulverem  album  praecipitantes. 

n  X  7.      CXI. 

Aceii  vini  option  drachm,  vi.  fuperfudi  falls  noftri  drachm* 
II.  quod  ex  hifce  deftUlando  obtlnui  fluidum  odoris  erat  aceti,  et, 
fublimato  corrofivo  admixtum,  illud  inta6lum  relinquebat« 
Cum  in  majorem  rei  expianalionem  refiduo  in  retorta  adjicerem 
fails  fpiritum,  et  deftiUarem,  acidum,  adipis  fe  prodebat  jam 
odore,  et  praecipitatione  mercuru  fubiimati. 

ft  X  p.     CXII. 

Ptuaris  acidum  pari  pondere  noftro  fali  admixtum  celerrime 
in  illud  penetrabat,  ut  ficcum  ^dderetur.  Quod  nonnifi  magno 
caloris  gradu  adhibito  prodibat  fluidum,  fluoris  acidum  haud 
mutatum  erat :  quod  etiam  faturno  nitrato  afFufum  ejus  pellu- 
ciditatem  (ut  ei  moris  eft  *)  non  tollebat ;  hac  ratione  quam 
maxime  abhorrens  ab  acldo  pinguedinis. 

S   X   F.      CXIII^ 

Tbojpbari  fah  Hujus  in  aqua  fbluti  unc.  dimidiam  addebam 
faHsmedn  noftri  drachm.  11.  Sub  initi'um  deftillationis  fluidi  quid 
tranfibat,  quod  vero  nil  nifl  aqua  erat.  Qua  ex  excxpulo  eva«» 
cuata,  igncm  adaugcbam  +  quo  adhuc  aliquid  ex  mafia  cxtor- 
qnebam,  quod  vero  nee  acidum  erat,  nee  faturni  faccharum^ 
decompooebat* 

*  Cf.  cl.  8CHEELE  in  Comment,  Stockh.  vol.  XXXIII. 

t  Idem  erat  hujus  gradas,  qui  ad  fublimandum  fal  amaxMiiaeum  aniihale  requi* 
ntur,  €t  majorem  adhuc  adfaiberc dubitabam,  cum iai aoftsumfolo igue vehcmcn* 
tiori  jam  dccomponatur, 

EXF. 
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EXP.      CXIV. 

Arjmki  nlhl  et  falls  noftri  paulUiper  flavidi  parem  quantitatdrn 
in  pulverem  album  comminuebam,  quorum   aftionem   in  fp' 
reciprocamut  promoverem.,  adjiciebam  aquae  deftillatae  drachm. 
II.  quae  omnia  leni  calore  digerebam.     Elapfa  vix  horae  una' 
quarta,  pars  quaedam  pulveris  nigrcfoebat,  et  parieti  in  forma 
aunuli  nigri  ♦  foftiter  adhaerebat,  reliqua  mafl&  falina  ab  -illo 
feparata  erat.     Deftillando  (eodem,  utin  exp*  praeoedenti,  ig-. 
nis  gradu)  parum  flurdi  obdnui,  quod  nee  fapidum  erat,  nee 
plumbum  ex  ejus  l^ccharo  ^raecipitabat.  In  coUo  retor^ae  parum 
fublimati^  ^ufque  l^mus  j;cpen. . 

•EXP.      CXV. 

Cobaltum  nitratum.  S.aUs  noftri  drachm,  unam  ixnmKi  fblu- 
t^onis  cobalti  nitrate  unc.  dimidiae,  et  fluidum  penitus  ievoctvi« 
Sal  exficcajtum  in  retorta  viridi  gaudebat  colore,  quod  frige- 
j^ctum  hunc  commutabat  cum  albo :  illud  folvebam  in  aqua 
deftillata,  qu«  nunc  exhibebat  novam  atramenti  fympathetici 
^eciem,  cobaltino  communi  haud  abdmilem^  in  luteum  modo 
magis  vergentem  coloreni. 

E   X   P.      CXVI. 

Salts  amtmntaci  animaUi  (ex  aeido  pinguedinis  et  alcali  vela* 
(ill  compoiiti)  drachm,  ii.  commifcebam  cum  lapidis  fic  di£ii 
hasmatitae  granis  xv.  quae  igni  expoiita  fublimatum  exhibebant ; 
quod  verOy  pera^ta  operatione  immutatum  efle  fal  ammoniacum, 
ijeperiebam,  reliclo  in  fundo  haematite.     Eadem  iterum  mif- 

^  Nil  hoc  mihi  videtur,  niii  fubita  reduAio  quxdam  arfenicialbt  in^egulum, 
dcdillatione  quoque  pera^a  nigrum  adhuc  erat  ct  durum ;  quod  abrafum,  d^te- 
gebat  ma<flaro  albam,  nonnihil  firmam.  A  vcro  propriui  mibi  efle  videtur^  rcduc* 
<;oQem  hanc  ortam  e£c  phlogtfto^  iali  flavido  iabKrentc. 

*  cebanXj 
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ccbam,  addendo  aquae  aliquid  in  meliorem  utriufque  combliia- 
tioiiem :  fed  tamen  eadem  eveniebant  omnia. 

jlSlio  acidi  plnguedims  infalia  media.. 

•  •  • 

EXP.       CXVTI.. 

Nttrtm.     Hujus  exalte  depurati  drachmis  ii.  fupcrfudi  acidi 
noftri  tantundem,  quod  illlid  cum  aliqua  vchementia  folvebar. 
Retofta  yix  arehae  calidae  immiffa,  flavida  jam  n  vaporibus  eva^ 
dere  mihi  vidcbatur :  qui  colos  fcmper  faturatior  fiebat;  donee 
eundem   ruborem  acquirerct,  qui  adhibito  vitriolico  acldo*  con- 
fpicitur.     Fluidum*  in  excipula  odore  acidb,  nitrofb  communK 
praeditum  erat,  cui  etiam  alFquid  acidi  pinguedinis  admixtum*?, 
nam  argentum  purum  non  folito  ab  aqua  forti  more  folvebatur ;. 
•potlus  crufta  tegebatur  fatis  craffa^  colore  dilute  hepatico  con^ 
ipicua.. 

F  X  ¥.      CXVIIt.. 

SalTnurtatlcum.     Hujus  drachm,  ii.  fblvebam  in. acidi  noAri 

pari  pondere.     De(^illatione  ad  finem.  tendente^^  diftin£te  obj(e!H 

.vabam  vapores  grifeos :  odor  ftuidi  iiv  excipulo  contenti^  erat 

■acidi  muriatici :  fed  ut  hoc  cum-  cerritudJne  qwdam  Qohftaret, 

ct  an  acidum  pinguedinis  admlstum  (it,.  expk>raretur^  res  haud 

parum.  perplexa  erat,  cum  utrumque  magnam  inter   fc   alat 

fimilitudinem.     Cui  ver©-  fiiii  refpondere  flannum  pofle  judi- 

cabam;  eamque  ob  cauflam  mifcdbtim,   i,' aquae  fprtis  guttas 

00  cum  guttis  40  Ipiritus  lahs;  2.  eand^m  aquae  tortis  et  (jjiri- 

.tus  .falls  copiam  (uf  i.)  cum  acidi  pinguexlinis/g^uttis  40;  j.. 

aquag'fortis  guttas  80  cum  acidi  pinguedinis  guttis  40.  Unicuiqiic 

harum  mixtionum  deftinabam  ftanni  nialaccenns  fcrup.  li.etin. 

^odvis  vitrum,  a  quavis  ftanni  portione,.  tenuiflima  fila  non: 

jriua* 
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prius  immittebam^  qifam  olim  iiijecld,  abique  caloris  ^uxIHpy 
plane  difparuiiTent.  Qusevis  enim  mixtiones  ki  metallic  a  age* 
bant:  N.  i.  maximc,  N.  3.  minus,  N.  2,  minime:  cum  vera 
N.  I.  fblvendo  ulterlus  ftanno  impar  eflet,  grana  hujus  7.  ad- 
hue  fupererant:  iblutlo  erat  pellucida,  et  abfque  ullo  iedi« 
mento.  N.  2.  maxime  turbidum  erat»  coloris  e  grifeo  flavidi ; 
fedimento  copioTo  nigrefcente  refertuoi ;  fianni  refldui  pondus 
erat  gran,  xvii.  N.  3.  exhibebat  /blutionem  j^ucidam,  ci^m 
parvo  in  brunum  vergente  fedimento ;  ftanni  granis  9  adhuc 
^  fuperftitibus.  Hifce  periculis  peradis,  quas  regulas  inftar  efie 
debere  mihi  animus  erat,  admifcebam  gutris  80  fluidi  ex  deflil- 
latione  obtenti  guttas  160  ejufdem  aquae  fortis.  In  qua  mix- 
tione  diflblvebam  peditentim  (iifdem  phaenomenis  apparentibus, 
ut  in  N.  I.)  ftanni  fila,  donee  drachma  i.  confumta  eilet ;  led 
fedimenti  nigri  quid  in  fundo  hasrebat«  Qulbus  ponderatis, 
concludendum  mihi  effe  videtur,  quod  fluidum  in  excipulo 
repertum  acidum  fuerit  muriaticum;  id  quod  pracprimis  ex 
vaporibus  grifeis,  et  ex  magna  ftanni  copia,  quas  abfque  magna 
fedimenti  copia  iblvebatur,  coUigo,  pinguedinis  vero  acidum 
haud  admixtum  fuiile ;  ea  ex  ratione  oenfeo,  quia  folutio  clara, 
nee  fedimentum  brunum  erat ;  nigrum  vero  iilud  ex  eo  ortum 
fuil!e  judico,  quod  falis  fpiritum  (concentratiorem,  quam  opi- 
uabar)  non  diluerem  nitrofi  acidi  quantitate  foffidente^ 

S  X  p.     CXIX. 

7Vrr/i  tart  art  foliata.     Huic  addebam  asquale  pondus  acidi 
noflri,  cum  qua  paululum  ef&rvefcebat ;  peradlaque  tunc  deftil- 
'ktione acetum. excipulo  inelle  prodebat  odor,  nee  non  deficieos 
ia  fublimatum  corrofivum  a^tiot 


S  Z  P» 


^fiti^elutimi  iruttJjlHiSianita,  : --  ^ 


n  X  f.    cxxi 


.» . 


Sat-mifaMk  GtinbirL  '  Quatnvis  hftUd  exj)eftari  pofle  videba* 
turacidtikf  no{trum*expuifurutti  effe  vitriolicum,  tamen  expe- 
rientiam  coAlliluii  Utroque  aequali  pondere  mixto  et  deflillato, 
in^eniebam  inexcipulo  fluidum,  quod  praeter  odorem  acidi 
noftri,  fbl^Htetite  ^ubqtie  admixtum  habebat.  Quamobrem 
iilud  Affddi  Ibliutienfii'piut^^  in  acido  noihro  fii6ba?,  qus  fedi- 
men%i  albi  G[uid' diitiittebat;  indicio,  parvam  acidi  vitriolki 
quatititatem  divuUatn  efte  a  fale  alcalino ;  quod  phlogiilo  acido 
adhxic  adhaerenfi  tribuOy  quo  nimirt^m  vitfiolici  acidi  pars  vola- 
tiliorreddifei^^idetuft'  l^       '      ' 

*       r^'  .  -  • 

'  ■  •    r    • ' '  1    '     ••    /      ,  -k    rr^  f  ■     .         t  *'     '\ , 

E  X  P.    -CXXI^ 

Tartarus  tartarifatus  in  aqua  folutus,  adjedlo  acido  fedimenti 
tnagni  copiam  dimittebat,  quod  fluido  decantato,  veri  crcmoris 
^ualitates  demonftrabat. 

Liceat  hiice  experimentis  qua&dam  addere  de  fimilitudine  et 
cognatione  acidi  noftri  et  muriatici.  Utrumque  cnm  alcali  vola- 
tili  conftituit  (al  ammoniacum  ficcum,  et  cum  magncHa  alba, 
fal  valde  diffluens ;  utrumque  ai:gentum  et  mercurium  e  men- 
ftruis  praecipitat ;  ab  nitroque  -ibhito  regulo  antimonii,  adjeda 
aqua  turbatur,  et  metallicam  partem  deponit.  Eandem  cogna* 
tionem  hoc  quoque  iadicare  videtur,  quod  acidum  muriaticum 
folutionis  argenti  et  cnercurii  in  acido  noflro  non  praecipitet* 
Sed  magna  etiam  inter  utrumque  intercedit  differentia :  noftri 
nimiram  acidi  intima  combinatio  cum  oleolis  partibus ;  fal  calca- 
reum  haud  diffluens ;  naphthas  facilis  genefis ;  argenti  et  mer- 
curii  folutio  via  iimplici  humida ;  et  hujus  prsecipitatio  ex  fubli- 
mato  corrofivo. 

Vol.  LXXII.  F  His 
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His  inter  fe  comparatis,  chara£teres  cogoationis  utriaJque 
acidi,  quatn  ilH  difcrimiu'is,  pot'iores  irtihi  omn'mo  efle  videntur. 

Hasc  iunt,  iUuftris  tt  cileberrinte  HiTN'f  eR^j  periculaF,  quae 
cum  acido  piaguedinis  hucufque  inftitui,  ooin^.  9^inime  me 
fugit,  materiam  hanc  uoiidum  efle  exh^ft^tn ;  multaqtie  ad- 
huc  efle  fupplenda,  quas  intlraipri  noftri  acidi  ^ognttipni  feveht; 

.  imprimis  exploratidos  eflie  sifinftatiseradusi  {i|uos  m^t^U^  con- 
trahunt  cum  acido  noflro.  Qujb'us  vero  ocimib'DS  i  c^aatbndis. 
niinime  decro,  ii  modo.  cogndvdro,  UtKtfes  tfieos  huic  r^  im- 
penfos  plane  baud  difplicuifle  emditls,  imprimis  illuftrifltmae 
Regiae  Societati,  cujus  aliquem  in  me  fevoretti  quam  maxime 
cupio.  Interim  vale,  vir  celeberrime ;  ipoque  (ibl  \it  habeas, 
commendatiflimum,  majorem  in  modum  oro  rogoque.  Dabam 
HelmAadii  Idibus  Decembr.  1780. . 


•  >    « 
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Til.  OhJer^atfonL  w  the.  Bills  ofMittalUyat  York.    5/  WU- 
tiido  whtbe,  M  ^.  i^.  :^.  5. ;  .communicated  by  Nathaoiel 
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'  ^     '  Head  December  6^  I'^Si.    ' 

♦  » 

AITHFUJL  and  iccwatje  hegifters  ^  the  number  of 
births  and  deaths  kept  in  different  places  are  of  great  im- 
portance to  the  community.  The  fVatefman,  the  philofopher, 
and  the  phyfician,  are  equally  interefted  in  inquiries  which  in« 
fallibly  fhew  us  the  real  ftate  of  the  nation,  as  to  p9pulation, 
faealthfulnefs,  and,  as  conneded  with  the  latter,  virtue  and 
•temperance. 

It  muft  give  great  pleafure  to  a  reflecting  mind,  to  find,  from 
undeniable  proofs,  that  this  nation  appears  to  be,  in  the  above 
reipe^,  in  a  general  and  progreilive  ftate  of  improvement. 
The  births  have  become  more  numerous,  the  deaths  fewer,  in 
proportion  in  almoft  every  place  where  the  regifters  have  been 
confulted :  for  proof  of  this  1  refer  to  the  Tranfaftions  of  the 
Royal  Society,  vol.  LVII.  LIX.  LXI.  LXIV.  LXV.  &c.  and 
to  a  publicatioa  of  Mr.  wales,  f.  r.  s.  intituled.  An  Inquiry 
into  the  prefent  State  of  Population  in  England  and  Wales^ 
lately  publifhed. 

« 

It  would  not  perhaps  be  difficult,  and  ^s  a  phyfician  I  could 
with  pleafure  attempt  the  invefHgation,  to  difcover  the  various 

F  z  caufes 


36  -Dr.  White*'s  O^ervations  m  the 

caufes  to  which  fuch  effefts  may  be  attributed ;  but  here,  a  wide 
field  offers  itfelf  to  our  examination.    It  wiU^  however,  be  ne» 
ceflary  juft  to  point  out  fuch  as  afFe^l  this  city  in  particular,  in 
a  fubfe^uent, part  of  this  paper*      ,.    ......  .     x    •  r. 

Mr.^  DRAKE,  F.  R.  s.  in  his  Ant^quifie^L  o£  JTork,  \^  given 
us  the  number  of  births  arid  burials  for, 7  years,  frpm  Aug^ 
5,  i72?8  to  Auguft  5,  1735,  inclufive.  'TKisgave  a  favourable 
opportunity  of  comparing  our  prefent  ftate  after  an  elapfe  of/ 
45  years.  In  order  to  this,  the  different  parifh  regifters  were 
carefully  examined  .&oija  January.  1,11770%  to  December  31,. 
1776,  inclufive:  I  added  the  number  of  males  and  females  for 
thelfUter  termi.whichMr.pRAKEdWtlSedc.       •     » 
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TABtB  I.  The  number  of  births  and  burials  in  York  from 

Augufts,  1 728,  to  Auguft  5,  1735. 

*  The  diSerent  pariihefl.  ^ 


All  Saints^  Pavdment,     ' 
All  Saints,  Ndrth-ftreet; 
St.  Crux,         ^   -i  - 

St,  Cuthbcrt*s,v 
Sti  Djonis,       •      — 
St.  Helen's,,        -  • 
St.  John*s,  — 

St.  Laurence, . 
^brtin*s^ .  Conyngs-ftreft^ 
KTicfaael  le  Belfray,  • 

St.  Mary^s,  CaiH^gate, : 
St.' Michael,  Spurrier^gate, 
St.^Mart]n's,  Afickle-gate, 
Bifliopbill  the  el(kr, 
Bifhophill  the  younger^ . 
St.  Maurice, .  • 

St^  Margaret's/  v^     — 
St.  Olave's,      ^      • 
St.  Saviour^s,^     ' '       — 
St.  Sampfbn V 
Ghrift  Church, 
Trinity,  Goodramgate, , 
Trinity,  Mickle-gate, 
Diflenters, , 


Birth$.  ■    ' 

Burials 

123 

2l8 

ioi 

lii 

132^ 

"    55     \ 

-'                              1 

92 

^59 
86 

io6' 

113 

122 

do 

1 

^73. 

7.7. 

3^9 

no 

327. 

150 
198 

221. 
216 

92 

"7. 

103 

117. 

'    57  . 

5r 

'  ir8 

U7   ■ 

• 

'•73. 

158- 

•    M7 
:   i8r 

■    70  .    ■ 

1 03 . 
228". 

140 

.JJQ. 

»43- 

144- 

*  J29.      ^ 
18 

29 

2803. 

348.8^- 

The  burials,  therefore,  exceeded  the  births  685  in  7  year^, 
orp^  annually.    •  .    .     .  • 
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TABLE  II.  The  number  of  births  and  burials  from  January  i, 

1770,  to'Deceteberji,  1^76,  thtlufivt^    , 

The  diSereat  pVfWam,  Btf  thK.  Boriak. 

AH  Saints,  Pavement,  *» 

All  Saints,  North-ftreet, 

St.  Crux,  .  ^  ^ 

St.  Cuthbert\ 

St.  Dyonis,  "^  ^ 

St.  Helenas,  — 

St.  John's 

$t,  Laurence,      ,      «  • 

Martin's,  Conyng-ftreet, 

Michael  le  Belfray,  -  • 

Stt  Mary's,  Caftle-gate,  ^ 

St.  Michael's,  Spurrier-gate, 

Martin's,  Mickle-igate, 

Biihophill  the  elder, 

Bifliophill  the  younger, 

St.  Maurice,  •  '^ 

St.  Margaret's, 

St.  Olave's,  -  • 

St.  Saviour's, 

Sampfon's, 

Chrift  Church, 

Trinity,  Goodram*gate, 

Trinity,  Mickle-gate, 

Diflenters,  -  • 


W-. 

,  ^S3 

9^ 

«8 

145 

>xo, 

102  ■ 

126 

109 

96 

96 

7^. 

183 

iH 

97 

8j 

104 

74 

-^97  . 

^^ 

.»59. 

■  •  l»>lP 

15? 

«i« 

8a 

98 

■1:24 

»i« 

let 

9» 

76 

138 

182 

142 

»34  '  ~ 

S96 

.96   . 

108 

>74 

184 

147 

u© 

161 

U8 

122 

164 

24 

24 

332^ 

317^ 

Decreafed  in  burials  313,  or  444  annually^ 

Births  increafed  520,  or  744  ditto. 

Births  exceed  the  burials  148,  or  zi ',  ditto! 

TABLE 


BWs  of  MorUUty  at  York. 


39 


TABLE  III.  The  number  of  births  and  burials^  with  the  pro- 
portion of  males  and  females,  annually,  from  January  i, 
1770,  to  December  3 1 ,  1776. 


Birthi.       Males.        Females. 


Burials*      Males.       Females. 


1770 

^b^ 

237 

230 

1771 

451 

225. 

2r26 

177a 

490, 

238 

25a 

»773 

474 

a44 

'23* 

»774 

Att 

41-4 

=23^ 

»775 

490 

355 

443 

1776 

498 

*S5 

•43 

^«!l 

^i6«te. 

^<1 

417 

203 

214 

48s 

225 

260 

508 

220 

288 

49^ 

241 

258 

S»» 

«73 

209 

488 

237 

251 

30 

»77 

219 

3ns 


H76        1699 


Number  of  males  bora  in  7  years  1666,  or  258  annually. 
Number  of  males  buried  in  7. years  1476,  or  210^  annually* 
Number  of  females  bom  an  7  years  1657,  or  2364.  annually. 
Number  of  females  buried  in  7.years  1 699,  or  242^  annually* 


lA^LR  IV.  Mortality  of  the  feafbns. 


Wlaten 
Jan.    320 
Feb«  ^%% 
Mzi.  316 

918 


Spring. 
Apr.    277 
May   2^5 
June  274 


Summer- 
July    220 

AMg.  237 
-Sept.  aa5 


^*. 


68  2 


Aotumn. 
Oft.     237^ 
Nov.    23a 

rDec.^  292 
759 


It}  6rdfer  to  fiftd:  the  slumber  of  inhabitants  ia  .any  place^ 

^idiere,  either  from  its  bulk>  or  other  reaibns,  a  numerical  fur- 

v^  cannot  be  obtained,  two  methods  may  be:  made  ufe  of. 

The  firfl  is,  multiplying  the  number  of  hoiifes  by.  the  medium 

of  iiihabitaixts  in  each.    The  fecoud  is,  one  recommended  by 

^bof.  MOHBAN^.  in  a  work^  ixitituied,<  Red^rcbes  et  Conjidera- 
^  thm 


40  Dr.  whitkV  Obfervattom  on  the 

» 

itonsfur  la  Population  de  la  France.  He  found,  by  very  labo- 
rious calculations,  that  the  number  of  inhabitants  may  be 
•known  by  the  births,  the  latter  being  to  the  former  as^'nearly 
I  to  27. 

By  an  account  given  into  thc.Houfe  of  Commons  in  March 
1 78 1,  the  number  of  houfes  in  York  fubjedl  to  the  new  houfe- 
t ax  was  22^5  :  if  to  thofe  be  added  fuch  as  were  too  fmall  to 
come  under  the  tax,  which  may  probably  amount  to  one- third 
more,  the  r  total  of.  the  houfes  in  York  will  be  aix)ut  3000. 
This  number  multiplied  by  4I,  which  is  nearly  the  medium  of 
people  in  a  houfe,  gives  12,750  for  the  nuixiber  of  inhabitants. 

By  the  fecond  rule  .we  have  12,798  for  the  number  of  inha« 
tants,  which  is  the  refult  of  474*",  the  average  annual  births^ 
multiplied  by  ^27. 

The  remarkable  coincidence  of  the  above  methods  of  calcu- 
^lation  makes  It  very  probable,  that  if  we  eftimate  the  number 
of  inhabitants  at  1 2,800,  we  (hall  not  be  Farfrom  the  truth. 

However  this  may  be  as  to  the  exa£t  number  of  inhabitants^ 
it  affefls  not  the  principal  end  of  the  prefent 'inquiry,  which 
:is  to  fhew  how  we  are  improved  in  population  and  healthfulaeis 
within  40  years  paft. 

In-order  to  prove  thig^  we  muft'fiiid  the  number  of  inhabi- 
•tants  in  the  year  1735-,  from  tab^  i.  We  there  find  theavei- 
:rage  annual  births  to  be  400;  this  .multiplied  by  27  gives 
lOySoo  for  the  number  at  that  time.  This  number  divided 
.by  the  average. annual  deaths  498,  gives  the  projiortiqfi  of 
deaths  *  I  in  .21 1-  Such  was  the  ftateof  this  city  as  to.  mortar 
Jity  46  years  ago. 

Very  different  from  this  is  onr  prefcnt  fituAion,  <he  propor"- 

tion  of  deaths  being  now  decreafed  to  irin  28 1,  which  is  the 

(juotientof  i5,8oo,.thenumh8ri of  inhabitants  divided hy, 453, 

2  the 


tbe  prefent  tfTemge  bf  aantial  de^s^ .  Thus  U  atftdtil^a^ifiit 
xife  in  the  fad«  of  heftltbitiefs.  Ffo^ii  being  n^ir  as  £itai  as 
XxHidon  We  ba^e  httotnc  hfs  ib  thati  many  country  pbces^  ai 
WiJU  a|>^af  from  tbe  fellowing  coihpirativd  view  of  thif  ropor^ 
tioB  of  4ettths  m  difi^iteit  |ilaa^* 

A*  Vierint,        •«        1  in  19 1  dies  cVcry  year 

London,         -        i  in  2o| 

Edinbuigh^  1  in  to} 

SerliA,        « .         <  in  SI  ,, 

Rome,  .     «         I  itt  ta 

Amfterdnhy  a  in  az 

Dublin^         -  I  in  Ji 

ljsfid$^         -  I  in  4*  ■ 

NoftkamptDnt.       f  in  2^ 
*  Shrewilnir}%  i  im  ^ 

Lirerpool,  i  ki  2^7^ 

Ma&chcfteiv  f  in  2;8 

Yoik^  .        -  f  laa^i 

Hence  in  1735^  at  York  it  would  requke  zt|  years  to  bury 
ii  number  equal  to  that  of  ki  inhahitanl^;  biftt  lA  1776^  s8| 
years  wmihi  be  inquired  for  the  fime.  One  (bird  kfs  die  yearly 
Tkow  than  in  the  former  period  ;  and  we  are  Oertaialy  advancing 
fiiU  hi^ecy  for  in  1777  the  births^  weremeFe  tha^  in  any  for- 
mer year,  being  5169  iktibvi^;^  4&4. 

As  there  is  nofetlled  Bianii&£))ory  here,  there  is  little  increafe 
6r  decreaie  of  the  people  by  acquifitton  or  eifciigration,  and  pro- 
babfy  what  may  happen  m  either  caiSb  is  xieariy  balanced  by  the 
•ther« 

It  appeals  firom  tab.  4.  that  the  fiimmcr  fea(bn  is  by  much 

the  healthieft  at  York ;  autumn  the  next ;  then  the  fpriiig ; 

winter  being  by  far  the  moft  fatal.     Dr.  ]?ercival  found  much 
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^Ac  iamc  to  be  the  cafe  at  Mancheftcr.  At  Cheftcr  Dr.  hay* 
GARTH  fays  November  was  the  moft  fickly  month.  The  de- 
ferences m  the  regifters  make  it  impoflible  to  give  the  difeafes 
of  \7hich  the  individiials  died ;  yet  a  general  idea  of  this-  may 
be  obtained  from  the  fame  tabl^.  By  the  care  and  attentien 
of  the  prefent  archbi(hop  of  this  province,  this  may  be  eafily 
^erfefted  in  future  periods. 

It  appears  from  hence^  that  our  difeafes '  are  chiefly  of  thr 
inflammatory  kind,  whicb  phyficians  know  to  be  the  general 
attendants  of  thewkiter  and  fpring  months.    The  diibrders  of 
the  fummer  and^  autunm  are  more  particularly  &ch  as  arife- 
from  putrefcency  and  acrknony^  fuch^  as  (low  and  remitting, 
fevers,  dyfenteries,  cholera's^  and  the  like,  thofe  then  being; 
with  us  the  healthieft  feafens  ikew  that  we  are  not  fubjeft  to 
putrid  difeafes.     Dr.  wiKVuiKdHAM  has  given  us  an  account 
of  the  weather  and  the  oCMTeip#nding  difeafes  at  York;  for  fix^ 
teen  years  fucceflively,  in  his  Commentarium^Nofologicum^tO' 
which  learned  work  I  refer  the  curious  reader  fyt  farther  fatis* 
fb^ton  upon  this  fubje£*; 

Among'  the  general  caufes  of  om:  ihcreaflAg^  population « and 
healdiinefs  we  may  enumerate  the  introduAion  of  inoculation; 
which  has  been-  the  means  of  living  a  nimiber  of  lives ;  im« 
provements  in  the  treat raent  and*  cure  of  feveraldiferdersi  the 
cool  regimen  in  fevers,  the  adm^on  of  ffelh  air,  the  general 
ufe  of  antifeptic  medicines  and'diet,  have  doubtlefe  had^a  falu* 
tary  and  extenfive  influence  upon  the  health  of  mankind,  and 
have  much  obviated  the  malignity  of  fome  of  our  moft  dan-* 
gerous  difeafes.  To  thefe  may  be  added  a  general  improve* 
ment  and  greater  attennon  to  nature  ia  the  management  of 

infants^ 

After 
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•  •  • 

After  the  general  caufes  of  hedithinefs,  fuch  as  are  particu- 
lar, or  of  a  more  local  nature,  come  under  confideration.  In 
this  refped  the  city  of  Yoik  has  been  much  improved  within 
a  few  years  paft.  The  ftreets  have  been  widened  in  many  places, 
bj  talcing  down^^nup:4)er  of  old  houfes  built  in  fuch  a  man* 
i^er  as  almoft  to  meet  in  the  upper  ftorles,  by  which  the  fun 
and  ak  were  almoft  excluded  in  the  ibr^ts  and  mforior  apart- 
ments«  They  have  alfb  been  new  paved,  additional  drains 
made,  and,  by  the  pcefent  m^hod  of  conducing  the  rain  from 
the  houfes,  are  become  much  drier  ^nd  cleaner  than  formerly. 
The  ere£doQ  of  the  locks,  about  four  miles  be;low  the  city^  has 
been  a  great  advanU^  to  it :  for,  before  ;this,  die  riyer  was 
£requeDlly  very  low,  leaving  quantities  of  fludge  and  dirt  in 
the  very  heart  of  the  city,  alio  jthe  filth  of  the  common  fewers 
which  it  iKras  unable  to  wafbi  away «  The  lock  Jias  e&d^ually 
prevented  this  for  the  future,  by  the  dver  being  kept  always 
^hf  broad,  and  .fpadous j  su^d  ha^;  thus -contributed  to  the 
£dubrity  as  weU,  as  beauty  pf  Yock.  In  the  above  improver^ 
ments,  in  others  that  are  Intended  to  take  pla<3e>  in  the  icare 
and  expenee  necdOSuy  (o  keep  in,  proper  repjurtthe  public  walks 
about  the  |::ity,  the  in^iftrates.have  exert^  much  public  fpirit;, 
and  h^ve  added  to  the  hesilth  as  well  as  qpnfulted  the  cvnve* 
nience  of  its  ii 

York, 

Sept.  8,  I'fiu 
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IV.  Account  of  a  mn/frout  BrrtB,  In  d  Letter  frm  Johai 
Torleft,  Efi.  Chief  of  Anjingor,  to  the  Hon,  Wiilian* 
'^tt^ieyf  Governor  ^'Bbmbay;  tommrtkatedfy  Dr^lAai^ 


1  ♦  • 


Jntwffiif  of  ai  iMtSi  wbicK;  a  Miit^  wiofflilft  Wa«  deSSf>hlcdA  vf  Ate' 
sSitk  ol^^rtk-at  mi^ig&lf,  ai>d  wMdh*  Kvact^  Citt  t^'  »ft'«^ 
AprU  in  tftje  mormng*  ht  the  s^eracmt^  I  wenflL  t*  fee  it  in? 
cempMVj^  witfe*  1MBp«  »x7«Giis«soH  anil  Etc.  eRMisik  TtHi^i^^ 
fee  by  the  iketch  that  it  bad  but  ond^b6#f%  a«^t6eeHtPemitrf 
whereof  were  two  heads,  one  larger  than  the  other.  It- had! 
four  hands  and  arms  perfedt,  two^  legs  on  one  fide  its  body;, 
and  one  on  thi^  other,^  which  began  on  the  middle  of  its  back*, 
and  appeared  by  nature  intended  for  two<  by  its  fize  and>  from* 
the  appearance  of  the  foot,  which  looked  as  if  two  had  beem 
£queezed  or  rather  maihed  togethtf*.  It  had  but  one  navel  audi 
one  anus,  but  two  genitals  of  the  female..  It  was  fed  during; 
a.  its. 
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its  (hort  existence  by  hand  with  goat's  milk.  It  ia  remarkable, 
that  one  head  would  Deep  whilft  the  other  was  awake ;  or  one 
would  cry,  and  the  other  not.  They  both  died  at  the  fame 
inftanr.  Almoft  all  this  eown  went  to  fee  it,  the  like  having 
never  been  hejrd'of  before.  The  mothef  h  a  ftout  woman  r 
and  I  faw  four  of  her  children  at  her  houfe,  the  younged  of 
which  was  iiz  years  old,  all  healthy  and  perfed.. 

lanoy  &CW 
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V.  Experiments  toitb  Chiuefe  Hemp  Seed.    In  a  Letter  fram 
Keane  Fitzgerald,  Efq,  to  Sir,  Jofeph  Banks,  Bart.  F^R.  S, 


^ead  January  ly^  ifiz. 

SIR,  f!^^"^ 

'  Dec.  tj,  nix, 

4 

EVERY  thing  extraordinaiy  in  art  or  nature  falls,  in  feme 
meafure,  within  the  views  of  the  Rojral  Sodetjr  s  but 
how  far  the  following  account  of  what  appeared  to  me  jui  ex- 
traordinary produ^on  may  be  worthy  of  being  communicated 
to  that  learned  body,  is  fubmttted  entirely  to  your  confideration. 
A  few  grains  of  Chinefe  hemp-feed  had  fae^  g^ren  to  me  by 
the  late  Mr.  slliot,  brother  to  General  blliot,  who  had 
formerly  refided  for  fome  time  In  China.     Ho  told  me,  the 
hemp  in  that  country  was  adeemed  fuperior  to  tibat  of  any  other, 
both  for  finenefs  and  fbength,  and  wifhe4  I  would  try  whe« 
ther  it  would  come  to  xnaturity  in  this  idngdom.    He  gave  me 
between  thirty  and  forty  grains  of  iced  for  the  purpole,  which 
I  laid  by,  as  I  thought,  carefully,  with  mtent  of  fowing  them 
the  fpring  following,  which  is  the  ufual  time  of  fowing  hemp 
in  this  country ;  but  I  had  unluckily  forgotten  where  I  laid 
ihem,  and  did  not  find  them  till  the  beginning  of  lafl  June, 
by  which  time  I  imagined  them  to  be  very  unfit  for  vegetation  ; 
but  as  I  concluded  they  would  be  flill  more  fb  by  keeping 
them  till  the  fucceeding  April,  I  had  them  fbwed  the  4th  day  of 
that  months  and  was  much  furprifed  to  find  that  thirty-two 

of 


Mr*  fi'tz(iV,VLkUi*s  Experimints,  &e.  0. 

of  the  {beds  had  rotated  ftrongly^  and  grown  to  an  amazing 
iize,  ieveral  of  the  plants  meafuring  in  height  more  than  four* 
teen  feet,  and  feven  inches  nearly  in  circumference,  by  the  mid- 
dle of  Odlober  following,  at  which  time  they  came  into  bloom. 
There  were  from  thirty  to  forty  lateral  branches  on  a  plant ; 
thefe  were  iet  off  in  pairs,  one  on  each  fide  of  the  ftem  point- 
ing horizontally ;  the  others  at  about  five  or  fix  inches  diftanoe 
£tMn  them,  pointing  in  different  direAions,  and  fo  on  to  the 
top,  the  bottom  branches  of  fome  meafuring  more  than  five 
feet,  the  others  decreafing  gradually  in  length  towards  the  top, 
ib  as  to  form  a  beaut^l  cone  when  in  flower,  which  were 
unluckily  nipped  by  a  few  nights  frail  that  happened  to  be 
pretty  iharp  towards  the  end  of  the  month ;  and  the  plants 
bejgan  to  droop  at  the  begmning  of  November  at  which  tinoe  I 
had  tbem  pulled  up  by  the  roots* 

As  1  was  but  little  acquainted  either  wif h  the  cultivation  of 
die  feed,  or  preparing  the  plants  afterwards  for  the  production  of 
braap,  and  as  theib  plants  were  very  different  in  their  iize  from 
any  I  had  ever  feen,  the  hcA  method  that  occurred  to  me  was^ 
that  of  fteeping  tbem  in  water,  where  I  let  them  remain  for  a 
fortnight,  and  then  placed  them  in  an  upright  pofition  againfl 
a  fbuth  teall  to  dry  and  bleach. 

On  trying  whether  the  hemp  could  be  eafily  fepanited  fronv 
the  woody  part,  I  was  agreeably  furprifed  to  find,  that  on 
peeling  a  few  inches  longitudinally  from  the  root,  the  whole 
rind,  from  the  bottom  to  the  top,  not  only  of  the  flem  but  alfa 
of  all  the  lateral  branches,  flripped  off  cleanly,  without 
brealdng  any  one  of  them.  The  toughnefs  of  tW  hemp 
feemed  to  be  extraordinary,  and  upon  drying  and  beating  divides 
into  an  infinity  of  tough  fibres.  The  plants  when  fbipped  are 
guite  white,  and  when  the  lateral  branches  are  cut  off*^  appear 
5  like 
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like  hand(bme  young  poles.  They  are  per^ated  m  the^  «iid- 
die,  but  the  perfofation  is  not  larger  than  that  of  a  goole  j[|Uill, 
in  a  ftem  of  more  than  two  inches  diameter.  T3ie  woody  part 
feems  pretty  fubftantial,  and  if  they  ^KHild  be  found  of  any 
duration,  might  be  applied  to  tnany  ufeful  purpoles ;  or  if  1a4^t, 
I  fliould  imagine  they  would  produce  plejity  of  good  aflies  by 
burning. 

The  rough  hemp  that  has  been  pealed  from  the  thirty-two 
plants,  when  thoroughly  driedi  weighed-  tliree  pounds  and  a 
quarter;  but  I  do  net  think  it  had  come  to  fnH  maturky^ 
though!  can  hardly  doubt  but  the  plants  would  have  come  to 
perfedion  if  the  (eed  had  beea  fown  in  the  proper  (eafon*  The 
fummier  was  remarkably  dry,  notwkhAanding  whicb,  althpugh 
lihe  (itu^ioii  they  wer^  p4aced  Hi  W95  vwy  Mriirmy  and  the 
ground  not  rich,  I  found,  en  meaiuriog  the  plants  at  &£• 
ferent  times,  ihat  they  had  growft  jiearly  eleven  inclies  fer 
wedCp 

As  th&  eukure  of  {o  valuablek  -a  kind  of  hemp  ais  chia  pro-« 
mifes  to  produce  appears  to  be  of  coniequoftce  to  a  maritime 
and  commercial  kingdom,  I  have  applied  to  the  Direfbers  of 
the  E^ft  Iiidi2L  Compauy,  to  gi?e  proper  <)rders  to  their  £i£bors 
and  fuper-cargoes  in  China,  to  procure  fome  of  the  bed  feed 
that  can  be  obtained ;  and  iendy  even  a  fmall  parcel,  by  each 
of  their  returning  (hips,  which  they  have  very  obligingly  pro- 
mifed ;  and  from  what  has  already  appeared,  there  can  be  no 
doubt  of  its  continuing  in  a  ftate  fit  for  vegetation  fi»r  a  much 
fonger  time  th^m  is  ufually  required  for  that  voyag^. 

.  If  th^  feed^fhould  arrive  in  fafety,  I  can  hardly  doobt  of  ob* 
feining  the  affiftance  of  the  Society  eflablifiied  for  the  Encou- 
ragement of  Arts,  Maniifa6kures,  and  Commerce;  and  ihould 
cxpcQ:-,  from  their  wonted  affiduity  and  liberal  difpofition  of 
'"    A         .  proper 
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proper  rewards  for  the  culture  and  manufafture  of  fb  valuable 
a  commodity,  to  fee  it  as  fuccefsfully  carried  to  pcrfeftion  as 
feveral  other  branches  have  happily  attained  by  their  care' and 
proteSion  j  and  ftiall  think  myfclf  very  happy  in  being  any 
ways  inftrumental  in  fbrwarding  fo  good  a  purpofe. 

As  yoq  did  me  the  favour  of  examining  the- plants  in  a  grow- 
ing ftate,  I  need  not  trouble  you  with  any  ipecimens  from 
them ;  but  if  they  ihould  be  deemed  worthy  of  behig  laid 
before  the  Society,  I  (ball  fend  fome  of  the  hemp  in  the  ftate 
it  was  peeled,  and  a  piece  of  the  flem  it  was  peeled  from,  as 
alfo  ipecimeus  of  the  leaf  and  flower,  for  their  examination. 

lam,  &c 
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YI.  An  Jiccount  offome  Scoria  from.  Iron  Works  ^  which  reftmhle. 
the  vitrijiid  Filaments  defcribed  by  Sir  Wiliam  Hamilton.  In. 
a  Letter  from  Samuel  More,.  Efg.  to  Sir  Jofeph  Banks, .  J?/tr/» 
F.R.S. 


Sead  January  1 7,  1 78ri 

» I  R9 

IN  the  very  accurate  account  given  of  the  eruption  of  Mount 
Vefuvius  in  the  month^of.  Au^ft-,  ^779>  in  a  letter  from  Sir 
WILLIAM-HAMILTON,  printed  in  the  Philofbphii^  Tranfac«- 
tions,  voL  LXX.  part  I.  p.  42^  et  feq, .  among  many*  other 
equally  curious  infoirmationsy.it  is  faid,  **  Long  Filaments  of 
"  vitrified  matter,  like  fpun-glafs,.  were  mixed  with  and  fell 
with  the  a(hes/^    And  in  a  note  annexed  it  is  alio  faid,  that> 
during  an^eruptien  of  the  volcana  in  the  Ifle  of  Bourbon  in 
1.766,  fome  miles  of  country, ,  at  the  diftanee  of  fix  leagues  . 
"  from  the  volcano,  were  covered  with  a.  flexible  capillary  yel-  - 
"  low  glafe,,  fome  of  which  were  two  or  three  feet  lonj^  with 
*^  fmall  vitrous  globules  at  a  little  diftanee  one  from  the  other.'*  ^ 
There  appeared  to  me  on.  reading  thefe  pafTages  an  exa£): 
fimilarity  between  thefe  produdkions  of  the  two  volcanosand 
fome  icoria  I  had  received  from  a  worthy  friend,  who  is  mafler 
of  one  of  the  largeft  works  in  England  for  fmelting  iron.    la 
a  letter  accompanying  the  fpecimen,  he  writes,.  "  I  have  fent 
"  a  fpecimen  of  fome  flag,  or-  vitrified  cinder,,  which  has  by 
z  "  tlie 
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**  the  reverberation  of  the  blaft  from  the  Tweer  *,  been  drawn 
^^  out  whilft  fluid  into  long  cobweb- like  threads  (fometimes 
**  ten  or  twelve  feet  in  length)  and  affixed  itfelf  to  the  beams, 
^*  &c.  of  the  bellows  room/* 

Whoever  has  attentively  viewed  the  large  furnaces  wherein 
iron  ore  is  fmelted  by  coak,  will  readily  allow,  that  they  prefent 
the  mod  ftriking  referhblance  (however  diminiflied)  of  that  moft 
tremendous  of  all  appearances,  the  eruption  of  a  volcano ;  and 
that  the  moft  exaA  pictures  hitherto  feen  of  the  flowing  of  the 
lava  from  the  one  is  (hewn  by  the  running  of  the  flag  from  the 
other :  this  has  induced  me  to  lay  before  you,  for  the  infpedtion 
of  the  Royal  Society  if  you  judge  it  worthy  their  attention, 
fbme  of  the  fcoria  in  its  capillary  ftate,  and  with  all  due  de- 
ference to  the  acknowledged  abilities  of  Sir  william  hamil- 
.TON,  to  fubmit  to  your  coniideration,  and  that  of  the  learned 
Body  over  which  you  fo  defervedly  prefide,  whether  the  fine 
filaments  may  not  be  produced  in  the  eruption  of  the  great 
furnaces  of  nature,  by  means  fimilar  to  thofe  by  which  we  fee 
them  formed  in  the  furnaces  of  art.     Sir  william  feems  to 
think,  **  That  (what  he  calls)  the  natural  fpun  glafs  which 
."  fell  at  Ottaiano,  as  well  as  that  which  fell  in  the  Ifle  of 
"  Bourbon  in   1 766,  muft  have  been  formed,  moft  probably, 
by  the  operation  of  fuch  a  fort  of  lava  as  has  been  juft  de- 
fcribed  (that  is,  perfeftly  vitrified)  cracking,  and  feparating 
**  in  the  air  at  the  time  of  its  emiffion  from  the  volcanos,  and 
**  by  that  means  fpinning  out  the  pure  vitrified  matter  from 
"  its  pores  or  cells,  the  wind  at  the  fame  time  carrymg  ofi^  thofe 
"  filaments  of  glafs  as  faft  as  they  were  produced/'    See 
p.  81. 

•  The  Twcer  »  that  opening  through  which  ihc  air  is  driven  by  the  bellows 
into  the  body  of  the  fiirnace, 

H  2  That 
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That  fome  of  the  fine  filaments  found  after  the  eruptions 
of  the  volcanos  were  formed  in  this  manner  is  not  nnltkely ; 
but  as  we  fee  about  the  iron  furnaces  the  vitrified  fcoria  drawn 

» 

into  fine  threads,  of  very  confiderable  length,  by  the  fiaaple 
action  of  the  witul  from  the  bellows^  is  it  not  very  probable^ 
that  the  far  greater  part  at  kaft  of  thoie  filaments  icstttered 
over  the  land,  and  which  were  found  two  or  three  feet  long, 
were  drawn  out  before  the  eje£tion  of  the  lava  from  the  crater 
by  the  force  of  thofe  violent  torrents  of  whid  wliich  mnft  be 
required  to  fupport  and  actuate  fb  intenfe  a  fire  as  at  thoie  timea 
fills  the  body,  of  the  mountain  ?• 

In  all  matters  of  this  kind  there  ifi  great  /cope  fi^r  conjec- 
ture, and  much  mufl  be  allowed  to  it ;  and  I  have  pnefumed  to 
fubmit  this  opinion  to  you,  hot  with  an  intention  to  difpute  the 
probability  of  what  has  been  already  advanced  on  IJiishsad,  but 
to  point  out  from  what  occrrrs  kmnediAely  under  the  eye  of  every 
workman  about  our  iron  furnaces,  fome  ^eafy  and  fimple  nuxle 
of  accounting  for  fo  fingular  a  phenomenon,  and  as  an  vMto^ 
duftion  to  my  prefenting  to  the  Royal  Socii^  a  fpecimen  of  fo 
curious  a  produ<^ion. 

The  extreme  finenefs  to  which  thefe  filaments  ate  reduced^ 
^nd  their  brittlenefs,  render  it  almoft  impoifible  to  convey  them 
•to  any  dii^ance,  preferving  at  the  fame  time  any  oonfiderdble 
iength  of  the  fibres ;  thefe  which  I  have  now  the  honour  to  lay 
bafiare  you  refemble  cotton  in  appearance,  but  if  examined  with 
a  microfcope  will  be  found  in  all  refpeds  fimilar  to  thofe 
defcribed  by  Sir  wrLi,i am  Hamilton. 

I  am,  &c. 
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VII.  M  ExtraSl  of  the  Reglfier  of  the  Parijh  of  Hoi/  Crofs, 
Salop,  being  a  Third  Decade  of  Tears  from  Michaelmas 
lyjoto  Michaelmas  1780,  carefully  digefied  in  the  follomng 
table.  By  the  Rev.  Mr.  William  Gotfuch,  Fkar ;  communi- 
eated  by  Dr.  Price,  F.  R.  S. 

Read  Jaaoary  1 7,  1781. 
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An  a£lual  furvey  was  made  In  177-5,  when  the  number  of 
the  inhabitants  was  found  to  be  total  1057  :  of  which  under 
fen  287,  and  above  feventy  57,  viz.  from  70  to  75,  males  ra 
females  10  =  22.  From  75  to  80,  males  8  females  11  =  19. 
From  80  to  85,  males  8  females  6  ==  14.  From  85  to  90^ 
males  i  females  1  =  2. 

An  actual  furvey  was  made  in  the  year  1 7S0,  when  the 
number  of  inhabitants  were  11*13. 

There  remains  alive  in  1780. 

Under  ten  years  of  age,  males    i  ^^  3 

females  1 38  J 
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females 
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Diftempers  and  Cafualties  from  1770  to  1780. 


Accidents            m 

6 

Meazles          -           -           7 

Apoplexy            '^ 

S 

Palfy           -            -             9 

Aftma                '^' 

5 

Pleurefy            -          -           i 

Cancer 

2 

Rheumafifiti        -        -          i 

Chin-cough          i» 

5 

Small-pox        -            -         43 

Confumption        «- 

62 

'  Sbre-throat            -                  8 

Child-bed 

3 

Stone            -            -             2 

Convulfions 

*3 

Suddenly              -                    2 

Dropfy 

20 

Teeth            -            -             2 

Drowned 

3 

Untimely            -         «         4 

Fever 

*          •                     • 

i'5 

Worms            •           -           2 

Jaundice 

2 

\ 

liues  venerea ' 

I 

The  remainder  died  of  a  natu- 

Mortification local 

5^ 

ral  decay,  without  any  often- 

Mortification  intefKne 

10 

i      fibl6  Diftemper. 

The  number  of  inhabitants  adually  furveyed  every  five  years 

fi^r  thirty  years*  - 

111 


^755      - 

1049^ 

1760^ 

1048- 

1-765 .     - 

lOpd' 

1770      - 

1046 

1775 

1057 

1780 

1 113 

The  incrcafe  of  4S  perfons  in  the  year  17 65  was  owing  to 
theingrefs  of  four  numerous  families  into  large  houfes,  which. 
were  almoft  uninhabited  for  many  years  before 

Thie^ 


The  dccreafe  of  50  perfons  in  the  year  1770  was  occafioned 
by  the  dem6lifhni^  of  nihe  hotrfes;  irt  or6tr  to  x)jpcii  ist-  way  to 
the  new  ftone  bridge  built  over  the  river  Severn. 

On  Good  Fridayj.  1 774,  th^re  hippened  a  dreadful  fire  whiclx 
originated  from  a  chimney,  and  eitehded  on  both  fides  of  the 
ftreet  to  the  diftance.  of  half  a  mile  :  the  wind  ^blowing  with 
great  violence,  the  flames  in  a  feW  hpurs  confumed  48  houfcs, 
l>eing  generally  thatched  buildings^  I«  this  conflawation  ly^^ 
of  the  inhabitants  loft  their  dwellings,  but  jmm»diately  proi- 
vided  themfelves  with  lodgings  within  the  pari(h,  and  of  th^ 
number  of  fufferers  only  »4  perfons  went  out  of  the  pariih^ 
and  returned  no  more*  The  jgr^und  vacated  by  th«  boufe» 
burnt  is  now,  iv\_  1 780,  built  wpoh»  and  moftly  covered  with 
little  tenements  fitted  for  poor  inhibitants  to  live  in,  and  mado 
fo  commodious  as  to  ifeceive  a  greater  number  of  inhabitants 
than  they  did  before  the  fire  in  1774;  fo  that  the  families^ 
whofe  number  in  177a  were  24CJ,  are  in  the  year  1780  in- 
<:reafed  to  246  ncafly>  and  perhaps  will  be  increafing  when 
more  buildings  (hall  be  erefted, 

Houfes  pay  window  lights  6$.  The  new  houfe  tax  paid 
by  36  houfes.  The  fi'rft  decade  Was  publiflied  in  the  Phil. 
Tranf.  vol  Lll.  part  1.  art.  25.  The  fecond  decade  was  pub* 
liihed  in  the  Phil.  Tranf.  vol.  LXI.  art%  6.  p*  57.  See  alfo  Dr. 
price's  Obfetvations  on  Reverfionary  Payments,  ed.  I77i»  p. 
1^2.  and  note  a.  alfo  p.  259.  and  263. 

The  taking  account  of  the  marriages  in  this  parifli  cannot 
be  of  any  ufe  in  political  arithmetic,  bccaufe  it  is  the  cuftom 
t)f  the  fixed  inhabitants  to  go  out  of  the  parifli,  and  be  mar- 
ried in  diftant  churches ;  and  the  weddings  performed  in  this 
church  are  generally  between  ftrangcrs  who  occafionally  refidc 
here  fo  long  as  to  make  a  place  of  abode  according  to  the  a£t 

of 


of  the  Parijb  of  Holy  Crofs,  Salop,  57 

of  parlianaent  made  in  lys^*  Dr.  heberden  hath  made  a 
very  proper  ufe  of  the  number  and  proportion  of  marxiages  in 
the  iflaod  of  Madeira ;  hot  then  It  was  an  iiland,  and  all  are 
confined  to  their  own  conftant  residence.  If  the  whole  ifland 
erf  Great  Biitain  was  univerfally  td  he  included  in  the  account 
of  the  number  of  marriages,  it  would  he  very  uTeful  and 
compleat. 

Many  young  people  liave  gone  out  of  tlils  panfh  to  fupply 
the  navy  and  army,  but  probably  the  fame  number  wcfuld 
have  emigrated,  to  be  apprenticed  and  follow  difierent  occu- 
pations. 

The  public  regifter  is  too  general  for  the  jnirpofes  of  politi- 
cal arithmetic.  The  extrafts  here  made  are  drawn  from  pttvate 
papers,  kept  with  great  care  and  exa£tnefs,  fo  that  the  births 
and  burials  of  the  fixed  inhAbitants  are  not  rendered  incorre£k  by 
the  accidental  ingrels  oi  foreigners,  or  temporary  egrefs  of  the 
real  inhabitants. 


Vol..  Lxxn. 
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Vm.  jin  Experiment  propoftdfor  determining^  by  the  Aberration 
if  the  faced  Stars^  whether  the  Rays  cf  Lights  in  pervading 
different  Media^  change  their  Velocity  according  to  the  Law 
which  refttlts  from  Sir  Ifaac  Newton's  Ideas  concerning  the 
Caufe  of  RefraSlim^  and  for  afcertmning  their  Velocity  in 
every  Medium  whofe  refraSihoe  Denjity  is  known.  By  Patrick 
Wilfon,  A.  M.  yifflftant  to  Alexander  WUfon,  M.  D.  Pro- 
fejfor  of  PraSlical  AJironomy  In  the  Unlverfty  of  Glafgow  ; 
communicated  by  the  Rev.  Nevil  Maikelyne,  Z)«  J).  F«  jR,  Sm 
Ajironomer  Royal. 


Read  Janxtary  24,  i  "j^z* 

UPON  tlie  fuppofition  that  the  refraction  of  light  Is  caufed 
by  a  certain  a£Hon  of  grofs  and  feniible  bodies  upon  it. 
Sir  ISAAC  NEWTON  has  demonih-ated,  that  the  fines  of  inci- 
dence and  refraction,  when  the  rays  pafs  out  of  one  medium 
into  another  of  different  denfity,  muft  always  be  in  a  conftant 
ratio.  This  conflancy  of  the  ratio  of  the  fines  is  agieeablc  to 
an  univerfal  experience,  and  has  been  called  the  law  of  refrao- 
tion«  Upon  the  iame  grounds  he  has  alio  demonftrated,  that 
the  velocity  of  the  rays  muft  be  greater  1^  the  more  refrading 
medium  in  the  inyerfe  ratio  of  the  fines.  Of  this  jH-opertyof 
refraftion,  however^  we  have  hitherto  had  no  evidence  in  the 
way  of  experiment*  The  ideas  entertained  by  Sir  isaac 
iijfEWTON,  from  which  this  property  has  been  deduced,  though 
they  coniefs  their  great  author,  by  a  mofl  beautiful  iimplicity^ 

ao4 


Afr,  wiuoU^s  fr^pyftd  Experiment^  tec.  ^ 

and  by  a  very  ilriking  agreement  with  fa£t,  have  yet  been 
deemed  by  fome  perfons  as  not  perfedlly  authentic  His  contem* 
porary  lxibnitz  and  others  have  attempted  demonftrations  of 
the  law  of  refraSion  from  principles  very  difFerent,  and  which 
do  not  lead  to  the  opinion  of  the  acceleration  of  light  in  the 
more  refradliog  medium.  At  prefent  it  is  propofed  to  point 
out  a  method  of  determining  experimentally  the  law  of  the 
variation  of  the  velocity  of  Jight^  according  to  the  change  of 
the  medium.  If  obfervatipns  fhall  (hew  this  law  to  be  agreea- 
ble to  Sir  ISAAC  NEWTQN*s  couclulious^  we  ihall  then  have  a 
very  ftrong  additional  evidence  in  favour  of  his  principles.  If, 
contrary  to  the*  moft  probable  iflue  of  the  experiment,  ibme 
unfliipe^ed'  law  (hould  be  difcovered,  we  muft,  according  to 
the  rules  of  induction  laid  down  by  that  great  mafter  in  phi« 
lofbphy,  ib  far  reftri£b  our  general  concluiions^  and  accommo^ 
d9te  our  ideas  to  the  real  condition  of  things. 

The  method  of  experiment  at  prefent  alluded  to  is^  that  of 
ebierving  the  aberration  of  the  fixed  ftars  with  a  telefcope  filled 
with  a  denfe  fluid,  fuch  as  water,  or  any' other  equally  limpid 
and  of  greater  refrafitioo,  fitted  to  bring,  the  rays,  to  a  focus  by 
the  fiirfiice  of  the  medium  oppofed  to  the  objeft  having  a  pro«< 
per  degree  of  convexity.  It  is  enough  at  this  time  to  fuggeft  a 
general  notion  of  the  inftrument,  and  we  now  proceed  to  ex- 
plain in  what  manner  it  can  affifl:  us  in  the  prefent  inquiry. 

Since  aberration,  t^en  in  its  enlarged  fenie,  depends  on  the 
rdative  velocities  of  light  and  of  the  telefcope,  if  the  rays 
were  really  to  move  much  fafter  or  much  flower  in  an  unufual 
telefcope  of  this  kind,  it  feems  ^o  follow,  that  the  quantity,  of 
aberration  given  in  thefe  c^rcumfbucesp  cox3fipfu:e4  with  Dr« 
BiADLST^s.  angle^ « would  certui^ly  indic^e  the  iifw  rate  of  .ve« 
lodty*    Such  911  iQl^^cnce  would,  certain^  bejuf^^.and.il;  ig 

I  jf  upon 
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upon  thefe  grounds  that  we  propofe  to  inquire  Into  the  velocity* 
of  the  rays,  as  they^  mtive  forward  in  denfe  media  fo  applied  tO' 
tdefcopes;  Granting,,  however,  for  tiie  fake  of  argument, 
that  light  moves  down:  through  fuch  an  unufual  telefcope  with* 
an  incrcafed  velocity  fuited  tothe  refraftive  denfity  of  the  me- 
dium, it  will  by  no  means  hap|>en^  that  the  aberration  will  be- 
changed  on  that  account.  This  propofition,  which  at  firft  view 
may  appear  paradoxical,  and*  even  contradictory  to  what  has* 
been  affirmed  above,  is  however  not  the  lefs  certain,  and  may 
ferve  to  (hew,  what  caution  is  fometimes  requifite  in  applyhig- 
general  principles  ta  particular  cafes:-  for  it  (hall  be  proved, 
that  the  aberration  in  fuch  a:  telefcope  wiir  precifely  agree  with' 
that  of  Dr.  bradley's  only  in  the  cafe  of  the  rays  moving^ 
fwifterin  the  watery  medium  than  in  air,  in  the  ratio  afligned' 
by  Sir  ISAAC  NEWTON,  and  that  this  famenefs  of  aberration 
will  itfelf  be  a  proof  of  light  being  fo  accelerated  within  the 
telefcope. 

Ih  the  illuffiratidns  which  follow,  the  reader  is  fuppofed  nor 
to  be  wholly  unaccuftomed  to  the  diftinClions  betwixt  abfolute 
and  relative  motion,  as  this  will  prevent  repetitions  and  all- 
imneceiirary  prolixity. 

Let.  ABC  {iig.  I.)  be  tKefpKerical  refra£tihg  furface  of  fucht 
a  telefcope  as  has  been  defcribed,  and  let  the  telefcope  be  fup- 
pofed to  be  at  rej(V,  or  the  velocity  of  light  to  be  infinite  vnth 
refpeft  to  that  of  tKe  earth,  and  let  GBMF  be  a  line  drawn  from 
a  ftar  at  G,  in  tlic  pole  of  the  ecliptic,  through  the  center  M 
of  the  refrafting  fur  face ;  tht  image  of  the  ftar  will  be  formed 
fomewhere,  a^  at  P,  in  the  line  BF;  and  here  the  interfeftion: 
of  the  crofs  wiD^i  made  ufe  of  inobferviiifg  muft  be  placed. 
It  is  evident,  that  theihr  will  be  feeh  in  its' true  dir^onFG; 
and' we- muft' bonclitde  thai  to-be  its  true -d|lfe<aidflr^  bfecaufc  we 

know 
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tnow  that  the  ray  GBF  pafies  into  the  medium  without  being 
refra&ed  hy  It,  and  BMP  would  be  confidered  as  the  aus  of 
the  telefcope. 

Now  let  the  fphericai  refra£ling  furfece  with  its  wrrcs,  or 
the  unufual  tekfcope  be  earned  laterally  with  the  motion  of 
the  earth  towards  Qi^  Conceive  GBF  to  be  a  line  not  par- 
taking of  this  feiteral  motion,  which  at  any  particuhr .  mo^ 
ment  pa&s  thro'  M,  the  center  of  (^nvexity.  Along  this 
Hne  fuppofe  one  of  many  rays  to  pafs  from  a  ftar  (ituated  in 
die  pole  of  the  ecliptic;  Then  will  all  the  contemporary  Hght 
ef  tbis  pencil  of  parallel  rays  be  made  to  converge  fo  as  to 
meet  in  a  focus  fbmewhere  in  the  unrefraded  ray  BF.*  Let  K 
therefore  be  the  point  in*  absolute  ipace  where  the  image  of  the 
ftar  is  {o  formed^  Let  the  pairallel  motion  of  the  telefcope^ 
whole  refraOing  fpherical  furface  is  ABC,  be  in  the  diredion 
ef  HFy  and  take  FD  to  FB  as  the  lateral  velocity  of  the  tele-^ 
fcope  to  the  ^velocity  of  light  in  air,  and  join  BD':  then  it  is 
manifeftv  that  BD  win  be  the  pofition  of  a  telefcope  fuch  as 
Dr.  3RADCEY*s,  when  the  image  of  the  ftar  is  formed  in  the 
axis  BD^  and  that  IBG^  or  its  equal- FBD,  wiU  be  the  angb 
ef  greatefik  abexxation.     ' 

Mereover,  the  velocity  of  the  rays  ks  they  proceed  to  the 
focus  F,  after  refrafkion  at  the  furface  ABC,  being  fuppofed 
the  fanoke  as  in  air,  it  is  evident,  that  the  line  DML  drawn 
through  D^  and  th  roughs  tlie  center  of  convexity  Mj  muflgive 
the  pofition  of  the  axis  of  this  kind  of  telefcope^  when  the 
image  ofrthe  fbr  is»  formed  there:  for^  1^  hypotheiisy  the 
image  is  formed  in  F  in  absolute  fpace,.  and  fince  BF  is  fup* 
poied  to  be  to'FD,  as  the  velocity  of  light  within  the  medium 
to  the  laq&ral  velodty'  of  the  telefcope,  the  point  D  of  the 
axis  DL'williarrive  at  F,\  when  the  rays  arrive  tliere  to  form 
*3'j  the 
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the  image*  Aad  th«  xMst^nsc  not  knowings  or  at  present  nol 
taking  account  o^  the  lateral  motion  of  the  telefcope,  will 
fuppole,  that  the  line  LMD  joining  the  image  of  the  ftar  and 
the  center  of  convexiQr  M  is  tlic'true  direction  of  the  ftar ; 
jail  as  before  heconcludsd^  that  FMBG  would  be  theditedion 
of  the  ftar  when  the  lateral  noodon  ^  the  telefcope  was  fup« 
pofed  to  be  nothing*  .  He&ce  it  is  evident^,  that  the  iriter{e£tion 
of  the  crofs  .wires,  made  ufe  of  in  obiervifig^  muft  now  b« 
placed  atT>;  or  eHe,  if  tfaofe;  be  ftill  ufcd  that  were  before 
fuppofed  to  be  at  F^  the  refni£tii^  iurface  ABC  with  the  line 
or  axis  BF  muft  revolve  about  the  center  M  till-  the  vertex  B 
comesl  to  JL  and  the  crols  wires  F  to  D« 

in  like  anumery  if  the  velocity  of  the  rays  were  increafed 
^fter  refra&ibiV  at  the  fpherical  furfi^e  in  any  ratio,  as  that  of 
£^  to  £F,  tke  refraction  continuing  die  fame,,  then  £MO 
draorn  through  the  center  of  convexity  would  now  give  the 
pofition  bf  :the  axis  of  the  telefc<^e  neceifary  £>r. receiving  the 
imaj^  formed  at  F^'  For  the  fpace  defcribed  by  die  rays  in 
pading  downwards  to  the  focus,  in  this  caie  and  the  former 
being  equal,  the  times  of  their  convergmg  at  F  will  be  reci- 
procally as  the  velocities,  or  as  £F  to  DF.  But,  on  accou|it 
of  the  equable  lateral  motion  of  the  telefcope,  DF  and  £F 
txrill  be  as  the  times  of  the  points  D  and  .£  aniving  at  F: 
t^ierefere,  in  the  laft  cafe,  the  interfe&ion  of  the  cro&  wires 
fuppofed  at  £  will  meet  the  image  at  F,  and  accordingly  the 
flar  will  be  feen  in  the  axis. 

Fig.  2.  From  what  has  been  fatd  it  will. appear,  that  if  £^ 
^e  taken  to  £F,  as  the  fine  of  incidence  to  the  fine  of  refrac- 
tion peculiar  to  the  medium  which  fills  the  telefcope ;  then^ 
from  the  property  of  the  fbcus,  we  (hall  have  this  proportion^ 
vi%.  BF.:FMi:I>F:£F.     Hence  the   line  £MO  pafHiig 

through 
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trough  M  muft  }ie  parallel  to  DB;  but  DB,  as  before,  de- 
notes the  pofidon  of  Dn  brabi^ey's  telercope,  when  the  aber- 
ration of  the  ftar  ts  at  its  maximum,  and  £MO  parallel  to  it, 
denotes  the  pofitbn  of  the  water  telefcope,  at  the  Tame  tioic^ 
upon  the  fuppofition  that  the  velodty  of  the  rays  without  and 
within  be  as  £F  to  DF^  or  inverfely,  as  the  (ines  of  incidence 
and  refraction  peculiar  to  watcr^  Here  then  we  difcoycr  w;hat 
tnuft  be  the  law  «f  variation  as  to  the  velocity  of  the  rays, 
provided  that  the  aberration  given  by  ftich  a  telefcrtpe  (ha^l 
come  out  tiie  fame  with  diat  fi>und  by  Dr.  si  Ai>t£r«  It  is  the 
very  fame  which  follows  from  the  Newtonian  principles  t  for 
from  the  manner  of  obfervin^^  the  aingle  of  aberration  is^ 
always  determined  by  the  |K>(itian  of  the  telefcope  u^ceflarr 
for  having  the  image  formed  fomewhere  in  the  axis« 

But  fuppoiiDg  that  in  the  courfe  of  obierving  ^wi^  fuch  a. 
tclefoope^  the  aberratiQn  fiiould  ceme  out  difierent  fo>m  what 
iias  already  been  aicertained  by  Dr.  bradlbt^  it  may  next  be 
enquired,  Iww  from  the  difierence  given  the  velocity  «of  l^ght 
ivithin  the  telefcope  is  to  be  deduced. 

Fig.  2*  Imagine  then  fuch  a  telefcope  afluaOy  to  give  FMD 
as  the  greateft  angle  of  aberration,  and  let  this  be  fuppofed 
greater  than  that  of  T^v^  BaADLEv^  which,  for  example,  let 
be  FM£.  From  what  has  been  already  (aid,  the  velocity  of 
li^t  corrd(ponding  to  this  laft  mentioned  angle^,  is  deducible 
from  the  known  2^ra<^ion  of  the  medium  which  fills  the  tele- 
fcope; and,  ty  conftEu£tion,  the  velocity  correfpondlng  to« 
FMD,  the  angle  given,  awift  be  to  the  former  inverfely  as  the 
Cangents  of  thele  angles*  From  thisvconiideration  we  have  the 
^following  analogy  for  Ending  the  velocity  correfponding  t<^ 
nyhatever  ill0erence  there  may  be  obferved  betwecta  die  two^ 

at  jpr efont  alluded  to«  The  rule  in  all  caies  muA  be  i. 
7  ^^ 
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*'  as  the  tangent  of  the  obferved  angle  is  to  the  tangent  of  the 
•'  Bradleyan  angle,  fo  is  the  velocity  of  light  dcducible  froni 
^*  the  hypothefis  of  the  obferved  angle  being  the  fame  with 
:"  that  of  Dr.  bradley  to  the  velocity  fought"  It  has  already 
been  Ihewn,  how  the  former  of  thefe  velocities  can  be  univerfally 
afcertained,  from  the  known  refraftion  of  the  medium  which 
is  taken  to  fill  the  telefcope^  and  therefore  the  laft  term  of  the 
9bove  proportion,  which   is  the  velocity  fought,  is  thereby 

.  Fig.;  2,  In  a  telefcope  of  this  kind  it  will  not  have  efcaped 
notice,  that  the  ray  BF,  which,  on  account  of  its  paffing  to 
the  focus  unrefrafVed,  may  be  called  the  axis  of  the  pencil, 
can  never  be  foupd  in  the  axis  of  the  telefcope  EO,  except  at 

th,e  focus  F,  where  D  .and  F  meet.    That  ray,  however,  OP, 

•  <'  ,      ■ 

parallel  to  BG,  which  falls  obliquely  on  the  axis  of  the  tele- 
fcope EO,  will  continue  to  pafs  along  it  after  refraftion,  and 
fpr  that  reafop  it  n>ay  be  called  the  relative  axis  of  the  pencil. 

This  will  appear,  by  epnfidcnng  that  the  particle  of  light, 
which  at  any  moment  is  refracted  at  the  vertex  O  of  the  fpheri- 
Cal  furface^  h  found  by  hypothefis  in  the  axis  a  fecond  time, 
when  it  meets  the  cotemporary  light  at  the  focus.  But  fince 
both  the  motion  of  the  axis  and  of  the  particle  is  uniform  and 
jredilinear,  the  former  cannot  be  found  in  the  fatter  at  two 
different  times,  without  being  found  in  it  continually  during 
the  whole  interval.  In  like  manner,  a  part  of  every  other  ray 
fron»  the  ftar,  which  fucceffively  falls  upon  the  vertex,  muft 
move  relatively  along  the  axis  after  refraction  :  and  thus  a  con  - 
jftant  fucceflion  of  ]thefe  particles  conftitute  a  vifual  refradled 
ray,  whofe  relative  path  muft  always  be  in  the  axis  OE. 

All  that  has  been  (hewn  concerning  the  telefcope  already 
poi)fidered,  will  receive  ftill  further  illuftration,  by  tracing  the 

motion 
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motion  of  this  particuiar  refraded  ray  till  it  arrives  at  the  focus. 
This  way  of  viewing  the  fubjeft  will  alfo  render  the  reafbning 
more  general,  and  make  it  apply  to  telefcopes  when  the  denfe 
fluid  within  is  fuppofed  to  be  confined  by  objeft-glaffes  of  any 
figure.  But  in  order  to  this,  it  will  be  convenient  to  premife, 
and  briefly  to  demonftratc,  whaj:  Ihall  afterwards  be  referred  to 
by  the  name  of 

P  R  O  P.    A. 

« 

Fig.  4,  If  any  very  fmall  body  or  particle  of  light  as  it 
moves  uniformly  in  the  abfolute  path  SB,  has  paflcd  relatively 
along  a  part  of  the  line  CD,  which  advances  equably  and 
parallel  to  itfelf  in  the  dire6:ion  DK. ;  and  if  at  any  inftant  the 
abfolute  path  of  the  particle  be  clianged  into  any  other,  as 
BR ;  I  fay,  it  will  ftill  pafs  relatively  along  the  moving  line, 
provided  its  velocity  now  be  to  its  former  velocity  as  the  fine  of 
the  angle  DBF  to  the  fine  of  the  angle  DBR ;  thefe  being  the 
angles  which  the  moving  Une  BD  makes  with  BF  and  BR  the 
abfolute  path  or  direftion  of  the  particle  in  the  two  cafes.    . 

The  conftjrudlion  of  this  figure  is  fo  fimple,  that  it  is  unne« 
ceflary  formally  to  point  it  out.  Since,  by  hypothefis,  the 
velocity  of  the  particle  along  BR  is  to  its  former  along  BF  as 
the  fine  FZ  to  the  fine  RT ;  or,  on  account  of  fimilar  tri* 
angles,  as  DF  to  IR,  and,  on  account  of  parallels^  as  DF  to 
DW,  it  follows,  that  the  time  of  its  defcribing  BR  now,  is 
to  tfie  time  of  formerly  defcribing  its  equal  BF,  as  DW  to  DF. 
But  the  line  BD  advancing  with  a  uniform  motion,  the  time  of 
Its  arriving  at  W  is  to  the  time  of  its  arriving  at  F,  alfo  as  DW  to 
DF.  Therefore,  when  the  particle  arrives  at  R,  the  point  D  of  the 
moving  line  will  have  arrived  at  W,  and  WRP  will  be  its  pofi- 
tion.  Hence  the  particle  at  that  moment  muft  be  found  in  the 
interfe6^ion  R  of  this  line^  with  its  abfolute  path  BR.     In  the 
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fame  manner  it  maybe  fticwn,  that  at  any  other  time  the  par- 
ticle will  be  found  in  the  interfefllion :  it,  therefore,  from  the 
time  of  its  direftion  being  changed  at  B^  muft  pafs  relatively^ 
ilong  the  moving  tine  as  before.  By  a  fmall  alteratbn  in  the 
conftruffcion  it  may  be  (hewn,  that  if  the  abfblutc  path  had 
been  fo  changed  at  B  as  to  have  augmented  the  angle  FBD,  ftill 
the  particle  would  have  moved  relatively  along  DB,  provided  its 
velocity  after  had  been  to  its  velocity  before  as  the  fine  of  FBD 
the  firft  angle  ta  the  line  of  the  increaHbd  angle. 

To  appty,  therefore,  this  proportion  to  the  prefent  mvefft* 
ration,  let  DB  be  concefved  as  the  axis  of  a  telefcope  perpen- 
dicular to  the  fphericaf  furface  of  a  refrafting^  medium,  which 
accompanies  it  in  its  lateral  motion,  SB  the  abfblutc  path  of  a 
particle  of  light  which  had  paffed  relsatively  afong  DB  pro- 
duced, till  its  arrival  at  B,  and  BR  its  abfokte  path  within  the 
medium  of  the  telefcope.  Then  it  is  evident,  that  FBD,  or  its 
^uat  CBS,  will  be  univerfally  the  angle  of  incidence,  and 
RBD  the  angle  of  refrailion.  Hence,  by  prop.  A.  that  ray 
of  the  parallel  penciT  whrch  is  refradled  at  O,  the  vertex  of 
the  fpherical  furface  in  fijg.  2.  muff  ftlll  pafs  relatively  along  the 
axis,  provided  the  velocity  within  the  telefcope  be  to  its  former 
in  airj  as  the  fine  of  incidence  to  the  fine  of  refradlion.  But 
the  image  of  the  flar  being  produced  by  the  meeting  of  all  the 
contemporary  light,  will  confequently  be  found  in  theaxis^ 
which,  by  hypothefis,  deviates  from  the  true  place  of  the  ftac 
by  the  fame  quantity  as  Dr.  bradley*s  angle;  fb  that  in  this 
way  of  confidering  the  matter,  the  fame  thing  refults  which. 
was  formerly  fhewn  in  regard  to  a  telefcope  fo  confbrudled. 

By  propb  A.  it  is  alfb  manifefl,  that  whatever  number  of  re- 
fra6Hons  that  ray^  which  falls  upon  the  extremity  of  the  axFs 
fufiers  in  pervading  obje^-glafles  of  any  figure,,  or  even  denie 
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media  beyond  the  objedt-glafs  if  bounded  by  tranfparcnt  planes 
to  which  the  axis  produced  is  perpendicular,  yet  if  the  veloci- 
ties and  refraflions  fo  correfpond,  ftill  the  ray  in  queftion  will 
pals  relatively  along  the  axis  till  it  meet  the  reft  at  the  focus  : 
ibr  here  the  refrafted  ray  m  the  firft  medium  becomes  the  inci- 
dent ray  in  relation  to  its  path  in  the  fecond,  and  this  in  its 
turn  becomes  an  incident  ray  in  relation  to  its  path  in  the  third 
medium,  &c.  and  therefore  by  the  prop.  A.  can  never  deviate 
from  the  moving  axis  whatever  be  the  rcfraftive  derifity  of  th<i 
media,  or  however  thefe  are  difpofed  in  the  order  of  fucceffion. 
And  fince,  by  Sir  isaac  newton's  theorem,  the  ratio  of  the 
fine  of  incidence  to  the  fine  of  refra<£lion  in  the  paflage  of  a 
ray  out  of  one  medium  into  another,  is  compouiided  of  the 
ratio  which  the  former  has  to  the  latter  in  the  paflage  of  that 
lay  out  of  the  firft  medium  into  any  third,  and  of  the  ratio  of 
fjie  former  to  the  latter  in  the  paflage  of  the  fame  ray  out  of 
the  third,  medium  into  the  f&cond,  &c/  it  follows,  that  if  the 
yelocities  be  related  to  the  degree  of  refraftion  as  before  men- 
doned,  the  ray  in  the  laft  denfe  medium  will,  notwithftanding 
any  number  of  previous  refrafitions  by  glafles,  &c.  have  the 
f^me  final  velocity  that  would  have  been  acquired  on  its  pafling 
inmiediately  out  of  air  into  that  medium.  This  being  the  cafe^ 
it  appears^  that  though  the  intervention  of  an  t)bje£l-glafs  may 
ihorten  the  focal  diftance  of  fuch  a  telefcope,  yet  it  will  not 
displace  the  image  nor  alter  the  rule  of  inferring  the  final  velo- 
city of  the  rays  in  the  denfe  medium  from  the  aberration  given  ; 
at  leaft  when  this  is  fuppofed  to  be  the  fame  with  Dr.  br adi.ey*s.' 
Fig.  3.  But  further,  if  the  aberration  of  fuch  a  telefcope 
Ihould  difier  from  the  Bradleyan  one,  and  'give,  for  example^ 
the  angle  OMB,  ftill  the  ray  PO,  which  falls  on  O  the  vertex, 
muft  be  confidered  as  an  incident  ray,  whichi  after  refra6Hon, 
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paffes  along  the  axis.     By  prop.  A.  therefore,  the  velocity  oT 
the  ray,  whatever  this  may  be  after  refraction,  muft  be  to  that 
velocity  by  which  it  would  h^ve  moved  relatively  in  the  axis^ 
fo  inclined  to  its  path,  previousr  to  the  refradtion,  inverfely  as 
the  fines  of  incidence  and  refradion.     Now  this  being  duly 
confid&red,  it  will  be  found  that  the  velocity  within  the  me- 
dium, correfponding  to  this  fuppofed*  aberration,  or  the  abfb^ 
>ute  velocity  within,  the  medium,  mufb  be  to  the  velocity  withia^ 
the  medium  correfponding  to  the  Bradleyan  aberration,  inverfeljr 
as  the  tangents  of  theft  two  angles  ^  for  let  V  and  v  exprefs  the- 
velocities  before  and  after  iefra6:iou  correfpondkig  to  theBrad*^ 
leyan  angle,  and  X  and  x  the  velocities  before  and  after  corre*- 
i^nding  to  the  ibppofed  uncommon  angle,  x.  being  the  adualr 
velocity  after  refradlioH';  then,  becaufe  by  pmp-  A.  the  ante* 
cedent  is  to  the  confequent,  m  both  cafes,  in^  ihe  fame  ratio^ 
wz.  as  the  fine  of  refra&ion  to  the  fine  of  incidence,  it  will  be 
V  :  V  ::  X  :  x^    and  therefore  Y  :X  ::  v  :  x.     But  from  the 
nature  of  the  aberration  V  mufl  be  to  X  (this  fuppofitkiou^ 
velocity  before  incidence):  iaverfely  as  the  tangents  of.  the^ 
angles*  of  the  two  aberrations.     This  therefore  muft  be  the 
tatio  of  V  to  x..    But  v  is  given  as  before  ihewn ;  therefore  x^ 
the  velocity  within  the  mediunv  correfponding  to  the  fuppofecE 
obferved  aberration  is  alfo  given,  and  by  the  fame  nde  a&wa:s^ 
found  formerly  in  the  cafe  of  the  firft  telefcope. 

What  has  been  at  prefent  advanced  is  unconnected' with  any^ 
hypothetical  notions  concerning  the  rays  or  the  caufe  of  refrac-- 
tibn.  Light  lias  been  coaifidcred  only  as  Something  whFch  moves^ 
vniformly  from  one  place  to  another,  and  which  is  always  re- 
fracted according  toa known  law.  The  firft  of  thefe properties' 
has  been  put  beyond  all  doubt  by  the  obiervations  of  Dr» 
BBADLEY  and  N^r.  MOLyN^VK ;  and  it  is  has  been  long  known^ 
tmt  thelaft  is  quite  agreeable  to  experience. 
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It  has  indeed  always  been  taken  for  granted,  that  the  velo* 
dty  of  the  ray  which  paiies  through  the  center  of  convexity, 
Teprefents  the  common  velocity  of  all  the  contemporary  light 
of  the  converging  pencil.  This  may  perhaps  be  reckoned  a 
circumftance  of  which  we  have  no  proof.  But  it  muft  be 
confidered,  that  if  the  rays  of  light,  after  being  varioufly  bent 
towards  the  focus^  were  no  longer  to  move  with  the  fame  com- 
mon velocity,  the  image  formed  at  the  focus  of  Dr.  bradley*s 
telefcope,  would  be  elongated  in  the  direction  of  the  aberra- 
tion. Thole  who  have  attended  to  this  fubje^l  will  be  at  no 
lofs  in  diiceming  the  reafbn  of  this>  The  extent  of  th^ 
lengthened  image  would  depend  upon  the  difference  of  velo- 
city which  would  obtain  among  the  converging  rays,  and 
would  probably  increafe  according  to  the  largenefs  of  the  aper- 
ture of  the  obgeft-glais.  But  fuch  a  phenomenon  being  con-^ 
traiy  to  experience,  it  follows,  th^it  the  unequal  bending  of 
the  rays  does  not  give  them  unequal  velocities,  whilfl  moving- 
in.  the  fame  mediunu  This^is^another  property  with  regard  to* 
the  motion  of  lijght  which  may  be  confidered  as  proved  experi- 
mentally by  Dr.  bradley's  obfervations,  and  which  doubtle^s^ 
vrould  have  occurred  to  him  if  he  had  had  occafion  to  trace  the* 
laefraftion  of  a  pencil  of  parallel  rays  at  the  objedl-glafs  of  his^ 
telefcope; 

To  conclude :  in  bringing  this  queftiou  ccmcerning  the  ve-*' 
i3city  of  light  to  the  ifliie  of  an  experiment,  that  fluid  would' 
doubtlefs  be  mofl:  proper  for  the  tclefcope  which  ablbrbs  the* 
fewefl:  rays,  and  poflfefles  the  greateft  refradlive  denfity,  and 
ivbich  at  the  fame  time  is  not  liable  to  generate  air-bubbles. 
To  compenfate  for  the  unavoidable  lofs  of  light,  which'by  Mr.. 
CANTON  and  Dr.  priestley's  experiments  is  found  to  be  con- 
fiderable  m  £uch  cafes,  it  perhaps  may  be  necefTary  to  ufe  an 

achromatia: 
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achromatic  objeS-glafs  for  the  fake  of  a  large  aperture,  and  of 
fuch  a  figure  as  to  fliorten  the  focal  diftauce  as  much  as  the 
obfervations  of  fuch  a  fmall  angle  can  admit  of.  Some  con- 
trivance too  will  be  requifite  to  keep  the  whole  fpace  between 
the  objeA-glafs  and  the  eye-glafs  always  full,  notwithftanding 
the  expaniions  and  contraftions  of  the  confined  fluid  bjr 
beat  and  cold,  or  its  wafle  by  evaporation.  - 

It  might  prove  a  very  confiderable  abridgement  of  the  necef- 
fary  apparatus,  if  this  kind  of  telefcope  could  be  conne&ed 
with  the  common  telefcope  of  a  mural  quadrant,  or  zenith^ 
feftor,  and  their  axes  made  perfedlly  parallel  by  previous  obfer- 
vations of  a  proper  terreftrial  objeft.  But  as  there  would  be^ 
fome  room  for  apprehending  that  the  exa£t  adjuftment  of  the 
axes  might  be  afFe£led  in  raifing  the  telefcopes  afterwards  £br^ 
celeftial  obfervations,  this  might  be  examined  into  by  di« 
reAing  them  to  fome  flar  fituated  in,  or  very  near,  the  ecliptic, 
and  taking  its  meridian  altitudes  at  a  time  of  the  year  when  it. 
is  in  quadrature  with  the  fun,  in  which  cafe  it  would  have  no. 
aberration;  But  either  in  this  way,  or  with  two  feparate  inftru- 
ments  ,the  experiment  might  be  made  in  a  few  nights,  by  taking 
the  zenith  diftance  of  a  proper  ftar,  the  plane  of  the  inftruments 
being  alternately  turned  different  ways  in  obferving,  to  get 
the  true  zenith  diftance  independent  of  the  error  of  the  line  of 
collimation ;  or  the  meridian  altitude  of  the  pole  flar  may  be 
obferved  in  December  above  and  below  the  pole,  which  will 
give  the  apparent  diflance  of  the  ftar  from  the  pole  at  that  time, 
as  affe^ed  by  aberration.  The  error  of  the  line  of  collimation 
would  not  affect  the  refult  in  this  way,  being  the  (ame  in  tiie 
obfervation  both  above  and  below  the  pole. 
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IX.  ^antity  of  Rain  wBhl^JeS at  Barrawhy  near  h&sdsK] 

jBy  George  Lloyd,  B/q.  F.R.S^ 


Read  January  311  1782^ 


1778 

«779 

1780 

■  1781    ' 

Averages. 

Inches* 

Inches. 

Inches. 

Inches* 

Inches. 

Januarj 

a.> 

0.6 

019 

ta 

X.2 

Pdiruary 

»'J 

0.0 

14 

2.J 

«-35 

March 

a.t 

ft* 

as 

0.1 

0'77S 

April 

0.5 

a.o 

4.3 

»-5 

2.025 

May 

t.8 

3-4 

14 

M 

t.925 

June 

a.i 

»-'S 

0.8 

3-a 

2.0625 

July 

3»9 

5.6 

1.3 

1.6 

3-« 

Aoguft 

0.33 

2.25 

a'45 

3-4 

2.1075 

^ptember 

2.87 

3-55 

4-55 

S.6 

4.14*5 

OAober 

S-S 

2.8 

3.15 

0-* 

,   a.8875 

NoTcmber 

2.6 

2.t 

1.95 

2.8 

2.3625 

December 

3-3 

4.* 

0.2 

2.1 

445 

Tot'ali 

28.0 

t  29.05 

22.9 

25.6 

26.3875 

f  See  Phil.  Tranf*  toI.  UCVII.  part  L  p.  5.114- 
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comunicatcdfyjbeRvo.Mr.'WcXi^Qsxit  F.  R*  o. 


Read  February  28,  1782. 
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ago  to  afcertain  the  -greateft 

degree,  of  heat  ani  xold -that-happened  in  the  jatmo- 
fphereeach  day  and  night,  or  dUrmg  the  courfe  of  twenty-four 
hours,  I  experifcnced  thp  ineonvtenience  which  attends  thermo- 
meters comipoily  madd  ufe  pf  'for  that  purppfei;  the  neceffity 
I  mean!  of"  the  <>bferver'k  eye  being  on  the  iiiftrufeient  the  very^ 
inftant'the  riciertury  ftands  at  the  higheft  or  loweft  degree :  for, 
fince  the  time  wheft  that  may  happen  is  utterly  uncertain,  if  it 
be  not  Immediately  qoticed,  it  can  never  after  bd  known i  The 
fultry  heat  of  the  fummer*s  days,  and  freezing  cold  of  the 
winter*s  nights,  which  is  comnkoniy  moft  fevere  at  a  late  un- 
feafonable  hour,  render  it  very  unpleafant  to  be  abrdad  in  the 
open  aif)  although  it  is  abfolutely  neceffary  for  the  thermome* 
ter  to  be  placed  in  fuch  a  fitxiation.  Ingenious  men  of  our 
own  country,  as  well  as  foreigners,  have,  it  feems,  long  ago 
endeavoured  to  remedy  this  boonvenience ;  and  feveral  ther- 
mometers of  different  conftru£tions  have  been  invented  for 
that  purpofe,  Vai^  swInden  defcribjss  one  which  he  fays  was 
the  firft  oiF  the  kind^  made  on  a  plan  communicated  by  Mr. 

PERNOUtLI  to  Mr.    I^BIBNITZi      Mr.    KRAFT,   he  alio  tdlls  US, 

05Lade  one  nearly  like  it  ♦,    A  d^ription  of  thofe  by  Lord 

•  Diff.  fur  la  Coroparaifoa  du  Therm,  par  van  swinden,  p.  253-^55. 
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CfiTARLEs  CAVENDISH  and  Mr.  FITZGERALD  may  be  feen  in 
the  Philofbphical  Tranfadiions  *.    Though  much  ingenuity  ap- 
pears in  the  invention  of  thofe  curious  inftruments,  I  could  not 
forbear  thinking,  that  a  thermometer  lAight  be  conftrufted 
more  conveniently  to  anfwer  the  purpofe,  and  (hew  accurately 
the  greateft  degree  of  heat  and  cold  which  happened  in  the 
ob&rver's  abfence.     I  therefore  attempted  to  make  one :  with 
i¥hat  fuccefs  I  fubmit  to  your  better  judgement,  and  proceed  to 
give  a  defcription  of  the  inftrument.     Fig.  i.  ab  is  a  tube  of 
thin  glafs,  about  fixteen  inches  long,  and  five  (ixteenths  of 
an  inch  in  diameter ;  cdefgh  a  fmaller  tube  with  the  inner 
diameter,  about  one  fortieth,  joined  to  th«  larger  at  the  upper 
end  hj  and  bent  down,  firfl  on  the  left  fide,  and  then,  after 
defcending  two  inches  below  a  3,  upwards  again  on  the  right, 
in  the  feveral  diredions  cde^fgb^  parallel  to,  and  one  inch 
difhint  from  it.     On  the  end  of'  the  fame  tube  at  b^  the  inner 
diameter  is  enlarged  to  half  an  inch  from  h  to  /,  which  is  two 
inches  in  length.     This  glafs  is  filled  with  highly  reftified  fpi- 
rits  of  wine  to  within  half  an  inch  of  the  end  /,  excepting 
that  part  of  the  fmall  tube  from  d  to  ^,  which  is  filled  with 
mercuiy.    From  a  view  of  the  inftrumcnt  in  this  flate,  it  will 
readily  be  conceived,  that  when  the  fpirit  in  the  large  tube, 
which  is  the  bulb  of  the  thermometer,  is  expanded  by  heat, 
the  mercury  in  the  fmall  tube  on  the  left  fide  will  be  prefTed 
down,  and  confequently  caufe  that  on  the  right  fide  to  rife ; 
on  the  contrary,  when  the  fpirit  is  condenfed  by  cold,  the 
reverfe  will  happen,  the  mercury  on  the  left  fide  will  rife  as 
that  on  the  right  fide  defcends.     The  fcale,  therefore,  which 
is  Fahrenheit's,  beginning  with  0  at  the  top  of  the  left  fide, 
has  the  degrees  numbered  downwards,  while  that  at  the  right 

♦  PhU,  Tranf.  vol.  L.  p.  tfiu  and  vol.  LI.  p.  820. 
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fide,  beginning  with  o  at  the  bottom,  afbends^  Tkc  diviluxna 
are  afcertained  by  placing  this  thermometer  with  a  good  ftan* 
dard  mercurial  one  in  water  gradually  Seating  or  ceoling^  and 
markhig  the  divifions  of  the  newfcale-at  every  5"^*.  Thufr 
far  our  thermometer  refctablcs  in  fome  refpeS:&  thofe  ©f  Mx% 
BERNOULLI  and  Lord  Charles  cavrtjdish  ;:  but  th^  methoi 
of  fhewing  how  high  the  tnei?cuty  bad  tifeii  in  tht  obferver** 
abfence,  the  effenrial  property  of  an  ihftrumeht  cstf  this  kind, 
is  wholly  different  from  tberrs,  and  'effe(!ted  in  the  following 
manner.  Within  the  fmall  tube  of  the  thertnoftirter,  above 
the  fur  face  of  the  mercirfy  on  either  fide,  kntoerfed  ih  thefpirit 
of  wine,  is  placed  a  fmall  index,  fe  fitted  as  to  psA  up  a»d 
down  as  occafidn  may  reqiiire^  thdt  fuffecfe  off  the  inerdtirf 
which  rifes  carries  up  the  index  with  it,  which  index  does  not 
return  with  the  vattt\ity  whfen  it  defcends ;  but,  by  i^maimng 
fixed,  fhews  diftinftly,  and  Very  accurately,  lid#  high  the 
mercury  had  lifen,  and  confequently  what  degree  ef  heat  or 
cold  had  happened.  Fig.  2.  rep/efetrts  one  of  *hefe  indexea 
drawn  larger  than  the  real  ones,  to  render  k  rtiore  difiin£l« 
^  is  a  fmall  glafs  tube,  three  quarters  of  an  inch  long^  herme- 
tically fealed  at  each  end,  inclofing  a  piece  of  fteel  wire,  neatly 
of  the  fame  length ;  zt  each  end  c  d  is  fixed  a  fhort  Jnece  of  ^ 
tube  of  black  glafs,  of  fuch  a  diameter  aS  to  paft  freely  up 
and  down  within  the  fmall  tube  of  tKe  thcrihoAeter.  The 
lower  end,  floating  on  the  furface  of  the  mcrcttfy,  is  carried 
up  with  it  when  it  rifes,  while  the  piece  at  the  tjpper  eftd^ 
being  of  the  fame  diameter,  keeps  the  body  of  the  Index  pa-» 
rallel  to  the  fides  of  the  thermometrical  tube.  From  the  upper 
end  of  the  body  of  the  index  at  c  is  drawn  a  fpring  of  glafs  to 

*  The  divifions  below  the  freezing  point  are  taken, by  means  of  a  mixture  of 
lea  fait  and  ice,  as  defcribcd  by  noilet,  d£  Ltc,  and  Others^ 

the 
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file  ^lenefs  of  a  hair,  about  five  fevcnths  of  an  inch  in  length, 
which,  being  fet  a  little  oblique,  prefles  lightly  againft  the 
inner  furface  of  the  tube,  and  prevents  the  index  from  follow* 
ing  the  mercury  when  it  defcends,  or  being  moved  by  the  fpirit 
pafling  up  or  down,  or  by  any  fudden  motion  given  to  the  in*, 
flrument  by  the  hand  or  otherwife ;  but  at  the  fame  time  the 
preflur^  is  fo  adjufted  as  to  permit  this  index  to  be  readily  car* 
lied  tip  by  the  furface  of  the  rifing  mercury,  and  downwards 
whenever  the  inftrument  is  be  redified  for  obiervatioo.  To  pre* 
vent  the  Ipirif  ftom  evaporating,  the  tube  at  the  end  /  is  clofely 
iealed*i    Fig.  3*  reprefents  the  thernMmeteron  its  frame; 
the  plates  on  which  the  fcale  is  graved  on  either  fide  are  made 
to  Aide  cmc,  and  the  frame  is  open  to  the  back,  behind  the 
hrg^  tube,  which  does  not  touch  it,  except  at  each  end.     The 
cap  aj  and  the  ba'fe  b,  are  made  te  fix  on  with  fcrews,  and 
only  cover  the  turning  of  the  finall  tube.     By  a  fcrew  at  the 
bottom  of  the  frame,  it  may  be  made  &A  to  the  wall  againft 
which  it  is  to  hang  without  doors,  to  prevent  its  being  (haken 
by  violent  winds.     Towards  evening  I  ufually  vifit  my  thermo- 
meter, and  fee  at  one  view,^  by  the  index  on  the  left  fide,  the 
cold  of  the  preceding  ni^it ;  and  by  that  on  the  right,  the 
heat  of  the  day.     Thefe'  I  minute  down,  and  then  apply  a 
fmall  magnet  to  that  parr  of  the  tube  againft  which  the  indexes 
reft,  and  move  each  of  them  down  to  the  furface  of  the  mer- 
cury :    thus,   without  heating,  cooling,  feparating,   or  at  all 
difturbing  the  mercury,  or  moving  the  inftrument,  may  this 

*  When  thit  tiAre.  is  clofcd  (not  hcrmorically,  but  only  fo  as  to  prevent  the 
fpirits  evaporating)  the  thermometer  muft  be  brought  to  the  grcatcft  hcatit  is 
iikely  at  any  time  after  to  fuftain ;  and  though  ho  more  air  is  inclofcd  than  wlKit 
remains  at  that  time-above  the  fpirits,  yet  that  will,  by  its  elafticity  preffing  on 
the  fluid,  anfwcr  every  purpofc  as  well  as  if  the  external  air  was  freely  admicted, 
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thermometer,  without  a  touch,  be  immediately  reftified  for 
another  obfervation.     When  I  wi(h  to  put  the  thermometer 
out  of  my  hand,  without  hanging  it  up,  1  have  a  ftand  to 
place  it  on ;  for  if  the  mercury  preffes  againft  the  index,  while 
the  inflrument  lies  in  an  horizontal  poiition,  it  is  in  danger  of 
pafling  by  it,  which  is  avoided  by  keeping  the  thermometer  ia 
a  pofition  nearly  vertical.     To  prevent  the  mercury  ihifting  its 
place  in  the  fpirits  within  the  tube  (which  I  apprehended  it 
might  do  on  account  of  the  fuperiority  of  its  fpecific  gravity, 
efpecially  when  kept  for  a  confiderable  time,  very  high  on  one 
fide,  and  low  on  the  other),  I  made  that  part  of  the  frnall  tube 
from  €  to/with  the  inner  diameter  exceeding  fmdl ;  and  found, 
upon  trial,  that  after  the  fummer's  heat  had  kept  the  mercury 
for  a  long  time  high  on  one  fide,  the  winter's  cold  brought  it 
Again  as  accurately  to  the  freezing  point  on  the  other  as  at 
firft  *.     This  thermometer  may  be  made  a  mercurial  one  by 
inverting  the  glafs,  and  filling  with  mercury  that  part  which 
in  the  firft  is  filled  with  fpirits,  and  with  ipirlts  that  part  of 
the  fmall  tube  from  ^  to  ^  which  in  the  former  is  filled  with 
mercury  ;  the  indexes  in  either  cafe  may  be  the  fame,  and  will 
be  carried  up  in  the  fame  manner  upon  the  furface  of  the  mer- 
cury ;  but  the  end  of  the  tube  at  /,  inflead  of  being  fealed, 
muft  then  be  left  open,  and  fland  inverted  in  a  bulb,  or  fmall 
ciftern  of  mercury,  into  which  the  external  air  has  free  accefs. 
The  diameter  of  the  tube  ab  fhould  be  confiderably  increafed 
if  the  degrees  on  the  fcale  are  required  to  be  as  wide  as  thofb  in 
the  fpirit  thermometers.     It  is  indeed  better  in  this  cafe  to 
have  a  double  rather  than  a  larger  fingle  tube ;  but  finding  the 
weight  of  fo  great  a  quantity  of  mercury  in  a  thin  glafs  tube 

*  With  a  thermomoter  of  this  fort  I  obfenred  the  greatcil  heat  and  cold  that 
kappened  every  day  and  night  throughout  the  year  1781. 
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attended  with  many  difadvaxitages,  and  the  motion  of  the  fluids 
in  the  fpirit-ones  perfeftly  agreeing  with,  and  being  as  readily 
excited  by  change  of  heat  and  cold,  as  in  the  mercurial  ther- 
mometers, i  preferred  the  former  as  much  more  commodious. 
A  perfoQ  cannot  approach  near  to  the  thermometer  firft  de- 
fcribed  when  the  air  is  very  cold  (efpecially  with  a  light  which 
by  night  is  ncceffary)  without  caufing  the  fpirits  prcfently  to 
expand,  and  consequently  the  mercury  on  the  left  fide  imme- 
diately to  defcend.  This  fenfibility  is  here  attended  with  every 
advantage,  without  the  inconvenience  to  which  common  ther- 
mometers in  this  cafe  are  liable  *  ;  for  the  index  will  accurately 
fhew  the  greateft  height  to  which  the  mercury  had  rifen, 
although,  before  the  exadl  degree  can  well  be  diftinguifhed,  it 
will  appear  fepaxated  from  ^he  index,  and  defcending  apace. 
As  the  fcale  is  iixteen  inches  long,  and  divided  into  1 00""  only, 
which  are  more  than  fufiicient  for  the  temperature  of  the  air, 
they  arc  large  enough  to  be  fub-divided  at  pleafure*  The 
indexes,  though  of  a  tender  and  delicate  nature,  when  once 
placed  in  the  tube,  are  not  liable  to  fufler  any  alteration  by 
time  or  accident ;.  and  the  thermometer  may  be  expofed  to  rain 
at  all  times,  without  fuffcring  the  lead:  injury  in  any  refpeft. 

In  conftruding  the  thermometer  before  mentioned,  I  at  firft 
hit  on  a  plan  by  which  the  fame  end  was  obtained  by  a  dif- 

*  The  moll  fenfible  mercurial  thermometers  commonly  have  the  column  of 
mercury  as  well  as  the  degrees  very  froall,  and  a  perfon  affified  with  a  light  can 
hardly  view  them  near  enough,  when  the  weather  is  very  cold,  without  caufing 
the  mercury  to  rife  before  the  degrees  where  it  flood  can  be  well  afcertained. 

Freezing  fogs  alfo,  which  with  us  ufually  attend  the  greatefl  degrees  of  cold, 
hy  covering  the  glafs  with  froft,  render  the  mercury  invifible,  and  cannot  well  be 
mercuiy  removed  without  caufing  the  to  rife,  or  at  leaft  render  the  obfervation 
doubtful,  which  at  fuch  a  time  is  very  diiagreeable ;  for,  in  proportion  to  the 
extraordinary  degree  of  cold^  fo  is  our  curiofity  likely  to  be  excited. 

fcrent 
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ferent  method;  and  though,  m  fbme  refpc£ls,  and  for  fbmd 
purpofes,  it  may  not  be  fo  proper  as  that  already  defcribed,  yet, 
for  ibmc  others,  it  may  be  found  ufeful>  and  therefore  I  fhall 
briefly  defcribe  it.   The  glafs  of  this  inftrument  is  in  all  refpefts 
the  fame  as  in  the  former,  excepting  that  the  diameters  of  the 
tubes  are  fomething  larger*    It  is  likewife  filled  with  ^irits  of 
wine  and  mercuiy,  in  the  fame  manner ;  but  the  indexes  are 
different,  being  only  a  fmall  tulje  of  black  glafs,  about  five* 
'feveaths  of  an  inch  in  length,  hermetically  (ealed  at  each  end^ 
^containing  a  piece  of  fteel  wire.    An  index  of  this  fort  is 
placed  in  the  thermomet«  on  either  fide,  which,  having  no 
^riug  to  fupport  them,  fink  down  in  the  ^fpirits,  and  reft  upon 
the  mercurjlf.     Whenever  the  mercury  defcends,  the  index  wilt 
follow  it;  but  when  it  rifes,  the  index. will  not  rife  with  it, 
and  by  remaining  at  the  place  to  which  the  meitury  had  de^ 
fcended^  will  (hew  the  .grealeft  degree  of  heat  or  cold  which 
liad  happened.    In  this  manner  do  thefe  indexes  anfwer  the 
fame  purpofe,  though  they  move  direfiUy  contrary  to  the  others 
>in  the  other  thermometer ;  but  this  inftrument  is  not  fo  eafily 
refldfied  a«  the  former,  for  the  moft  powerfdl.  magnet  will  not 
bring   the   index  up  again  while  the  mercury  above  prefles 
ragainft  them ;  and  although  it  is  poflible  to  remove  the  mer- 
<:ury,  and  by  that  means  fet  the  index  at  liberty,  yet^inconve* 
niences  will  be  incurred  fromwhich  the  ether  jis  entirely:  fijfie. 

In  fome  cafes  it  may  be  jfbund  expedient,  inftead  of  the  dou^^ 
ble  thermometer  firft  defcribed,  to  make  two  fingle  ones^  one 
^o  (hew  the  greateft  degree  of  heat  only,  and  the  other  the 
old,  each  having  its  proper  index  (fee  fig.  4.  and  5.)*i  Thq 
firft  has  the  fmall  tube  bent  down  on  the  left  fidei  and  the 
lower  end  immerfed  in  a  bulb  or  fmall  ciftern  of  mercury,  to 
Hfrfiich  the  external  air  has  free  accefs ;  the  other  has  the  fmall 
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tube  turned  up  on  the  right  fide,  with  fome  mercury  let  dowa 
to  the  bottom^  and  the  upper  end  clofelj  fealed,  as  in  the  dou^ 
bie  Inflrument.     Making  a  ftandard  mercurial  thermometer^ 
by  which  the  fcale  of  the  Ipirit  one  was  to  be  divided,  I  en- 
deavoured to  obtain  as  wide  degrees  as  poflible,  that  the  mptioi^ 
of  the  mer^uiy  might  thereby  be  rrendered  more  confpicuous^ 
and  the  height  of  it  afcertained  with  greater  precifion.    It  Is 
true,  the  larger  the  .degrees^  the  larger  in  fome  meafure  muft  be 
the  bulb,  and  therefore  the  fluid  contained  in  it  not  likely  to  be 
fo  fbon  aff^ed  by  any  change  of  heat  or  cold  in  the  atmofphere 
as  in  a  fmaller.     But  as  riiis  thermometer  was  prkicipally  to 
be  ufed .  }mmerfed  in  a  large  quantity  of  water,  gradually  heat-- 
itig  er  cooling,   little  or  no  difadvantage    could  arife  from 
makiog  the  bulb  fomewhat  larger  than  tlK)fe  commonly  made 
life  of  in  the  air.     Not  being  ablc^  however,,  to  procure  glafs 
tubes  fo  long  as  I  l^d  occafion  for,  whofe  inner  diameters  were 
•perfeQly  equalf  I  took  the.following  method  to  adjuft  the  divi- 
£ons  on  *the  fcale  to  the  inequality  of  the  tubes.     Choofing  a 
tube  (^  a  length  fuitable  to  my  purpofe,  with  a  proper  bulb  at 
-the  end,  I  put  into  k  a .  fmall  quantity  of  mercury  *  fufficient 
to  fonto  a  column  about  one  inch  in  length.     Drawing  then  on 
a  board  the  three  -Ikies  aa^  bb^  cCy  fig.  o.  I  placed  the  glafs 
tube  on  the  line  ca^  ^nd  while  the  mercury  remained  at  reft  at 
the  end  df  the  tube,  near  the  bulb„  I  made  two  pencil  marks 
on  the  line  aa^  one  at  ^,  and  the  other  at  ^,  perfe<5bly  coin- 

*  To  put  in  a  fmatl  quantity  of  mercury,  and  meafure  its  length  at  different 
parts  of  the  tube,  as  deiJE^ribed  by  Abbe  HOllet,  vol*  IV.  p.  370.  Lecons  Phy* 
liquc,  is  a  very  excellent  method  to  difcover  the  error  1  but  ia what  manner  readily 
to  adjuft  the  fcale,  fo  as  to  avoid  any  inaccuracy  from  fuch  inequality  (which  in 
tubes  of  the  length  I  had  occafion  for  feemed  to  me  unavoidable)  was  a  matter 
concerning  which  X  could  meet  with  no  information* 
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ciding  with  the  two  ends  of  the  column  of  mercury :  ehen 
cauiing  the  mercury  to  move  flowly  on  farther  from  the  bulb, 
till  that  end  of  the  column  which  was  firft  at  d  coincided  with 
the  mark  at  e^  and  letting  it  reft  again,  I  made  another  mark 
at/;  after  which,  cauiing  the  mercury  to  move  on  as  befwe, 
and  continuing  to  mark  its  length  at  every  part  of  the  tube  till 
it  reached  the  end  fartheft  from  the  bulb ;  by  thefe  means  I 
obtained  the  feveral  intermediate  points  on  the  line  aa.  Through 
thefe  feveral  points  I  drew  dotted  lines  parallel  to  each  other, 
and  at  right  angles  with  the  line  aa  to  the  line,  hh.  Taking 
now,  with  a  pair  of  compafles,  the  wideft  intervals  between 
any  of  the  dotted  parallels,  which  in  this  cafe  is  frotn  d  to  ^, 
I  inferted  that  diftance  fucceffively  between  the  feveral  paral- 
lels, beginning  at  theloweft  pair,  as  from  ^to  ^,  from  etof 
from/  to  ^,  and  fo  on  to  ^,  as  exhibit;ed  in  the  figure;  and 
the  aggregate  of  thefe  lines  may  be  confidered  as  one  continued 
line,  without  any  error  of  confequence  in  this  matter.  Having 
now  the  thermometer  completely  filled  with  mercury,  the  air 
expelled,  the  point  of  the  fcale  at  io2%  and  the  freezing  point 
properly  taken  *  and  marked  upon  the  tube,  which  was  now 
hermetically  fealed,  I  again  applied  the  tube  to  the  line  aa^ 
and  marked  on  that  line  the  point  of  102^  and  the  freezing 
point.  Through  thofe  points  I  drew  the  lines  //,  Jtk^  and 
divided  (hat  part  of  the  compound  line  dh  included  between  ii 

^  The  freezing  point,  marked  on  the  tube  of  this  thermometer,  is  immediatelj 
taken  by  mea^s  of  grated  ice  |  but  the  point  of  iqo^  by  a  flandard  mercurial 
thermometer,  the  upper  point  of  the  fcale  of  which  was  properly  taken  by  boiling 
water,  and  the  lower  one  by  grated  ice  ;  but  it  is  m«re  commodious  in  the  firft  to 
have  the  tube  no  longer  than  the  air  fcale,  efpecially  as  the  degrees  are  pretty- 
wide.  The  methpd  of  a()jufling  the  fcale  to  the  inequality  of  the  tube  remains 
the  fame,  let  the  given  points  bp  &t  any  diflance,  or  the  divifions  incrca&d  to  any 
p  umber. 
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and  kk  into  14.  equal  parts,  beginning  at  0,  the  point  where  it 
cuts  the  line  Jb^  continuing  afterward  fix  divisions  now  on 
that  line  below  kk^  making  in  all  20  equal  divlfions.  If  now 
lines  be  drswn  through  each  of  the  dividing  points,  from  0  to 
20  to  the  line  «■,  at  right  angles  with  the  fame,  they  will  give 
on  the  line  cc  the  true  thermometrical  fcale  to  every  5^  from  a 
to  102,  properly  adjufted  to  the  inequality  of  the  tube  *,  which 
in  this  cafe  is  nearly  of  the  fame  diameter  at  each  end,  but 
fmaller  towards  the  middle.  Tubes  may  indeed  be  found  of 
forae  conliderable  length  with  Icfs  inequality  than  what  this 
fcale  exhibits ;  but  the  error  is  here  enlarged,  to  render  the 
method  of  corredHng  it  more  confpicuous. 

*  ExpmtncRtalty  to  prove  thii  method  I  hive  made  mercurul  thennometen, 
vbofe  {cales  fram  the  frecziDg  point  to  that  of  boiling  heat  were  nearly  three 
feet,  and  [hough  the  inequalitiei  of  the  tubes  were  very  conliderable,  varying  in 
contrary  direflioni  to  each  other ;  yet  when  they  were  placed  on  the  fame  frame, 
ttey  perfeiHy  agreed  in  a  motion  of  the  mercury  in  every  part  of  their  fcalei. 
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TO  find  the  diftance  of  tbe  fixed  ftars  has  beenr  a  problem- 
which  many  emmenfe  aftronomers   have  attempted   to* 
folve;  but  about  which^  after  all,  we  remain  in  a. great  mea* 
fure  ftill  m  the  dark.     Various  methods  have  been  purfued 
without  fuccefs,  and  the  refult  of  trhe  #neft  ob&^vatioos  has. 
hardly  given  us  more  than  a  diftant  approxiniation,  from  whiclx 
we  may  conclude,  that  the  neareft  of  the  fixed  ftars  cannot  be 
lefs  than  forty  thoufand  diameters  of  the  whole  ^i>nual  orbit  of 
the  earth  diftant  from  us.     Trigonometry,  by  whofe  powerfiii 
afliftance  the  mathematician  has  boldly  afcended  into  the  pla- 
netary regions,  and  meafured  the  diameters  and  Qrbits  of  the 
heavenly  bodies,  for  want  of  a  proper  bafe,  can  here  be  but  o£ 
little  fervice ;  for  the  whole  diameter  of  the  annual  orbit  of 
the  earth  is  a  mere  poiut  when  compared  ta  the  immenfe  dif- 
tance of  the  ftars.     Now>  as  it  is  not  in  our  power  to  enlarge 
this  bale,  we  can  only  endeavour  to  improve  the  inftruments 
by  which  we  meafure  its  parallax. 

There  are  tvvo  things  requifite  for  meafuring  extremely 
fmall  angles  with  accuracy.  Firft,  that  the  inftrument  we  ufe 
for  this  purpofe,  be  it  quadrant,  feftor,  or  micrometer,  fhould 
be  divided  and  executed  with  fufficient  exaftnefs ;  and,  le- 
condly,  that  the  telefcope,  by  which  the  obfervations  are  to  be 
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made,  ihould  have  an  adeqxiate  poteoir  aiid  difi»n£lnef9.  Upon 
the  firft  heady  the  great  iaiprovement3  of  mathematical  inftn)- 
ment-makers  have  hardly  left  us  any  thing  to  de(ire :  we  can 
now  nfieafure  feconds  with  aloiofb  as  iQiKh  £»cUtty  and  truth  «s 
former  obfervers  could  meafwe  minufies  \  nor  do  I  think  it  ioi- 
poflible  to  go  Aill  further*  and  divide  inftrumeats  that  wouU 
Ihew  thirds  with  fufficient  accuracy^  It  is  in  the  latter,  or 
optical  part,  we  find  the  greateft  difficukj.  To  fee  a  iingie 
fecond  of  a  degree  with  prepifian  requires  a  telefcope  of  very 
^reat  perfedlion ;  thi^efiM!^,  fuppofing  the  ^  mechanical  part  of 
an  apparatus  well  executed,  it  will  flili  be  neceHary  to  try  how 
far  the  power  of  our  telefcope  will  enable  us  to  afcertam  with 
confidence  the  ^vifion  or  number  of  feconds  it  points  out.  If 
upon  trial  we  find  that  our  inflxumetit  will  give  us  the  fame 
ineafure  within  the  fecond,  every  time  the  experiment  is  re- 
peated, we  may  pronounce  it  capable  of  meafuring  feconds ; 
if  otherwiCe,  it  will  remain  to  be  examined^  whether  the  fauk 
lies  in  the  mechanical  ot  optical  part. 

Let  us  now  fuppofe  that  the  pardilaic  of  the  fixed  flars  dees 
not  amount  to  a  iiogle  fiecond,  y^t  ftill  t!bc  cafe  is  by  no  meaiM 
<}efperate ;  and  though  the  difficulty  of  meafuring  feconds  will 
fooh  fuggefl  to  us  what  extraordinary  powers  and  diftin^)«^fs  of 
che  telefcope,  aad  accuracy  of  die  micrometer,  are  required  to 
meafure  thirds ;  this  ought  by  no  means  to  ^ifcours^ge  us  m 
the  attempt.     Could  we  meafum  angl^,  much  ivQA]^t  than 
feconds,  might  we  not  hope  to  find  the  parallax  of  fome  of  the 
fixed  ftars  at  leaft  to  amount  to  feveral  thirds  ?    On  the  o^ier 
hand,  if  it  t^ould  appear,  indeed,  that  even  with  fuch  im« 
proved  ^nethods  of   meafurement  we   could   not  f^ch   th(^ 
remote  fituacion  of  fuch  almofl  infinitely  diftant  funs,  w4 
might  ^U  denve  a  valuable  approximation  towuds  tnf tb  froin 

Ma  fuch 


84  ^«  HERSCHEL  Cfi  tBc 

fuch  repeated  obfervations,  even  though  they  (hould  not  be 
attended  with  all  the  fucoefs  we  expefted  from  them.  On  this 
alTurance^  I  endeavoured  to  take  fuch  a  method  iox  attempting 
the  inveftigation  of  the  parallax  of  the  ftars  as  to  avail  myfelf 
of  the  improvements  I  hadalready  made,  and.\ras  ftill  in  hopes 
of  making,  in  my  teleicopes. 

The  next  thing  that  was  neceffary  to  confider  in  this  under- 
taking was,  the  manner  of  putting  it  into  execution^  The 
method  pointed  out  by  galileq,  and  firfit  attempted  by  rook, 
FLAMSTKAB,  MobiNBux,  and  BKAOI.EY,  of  taking  diflances 
of  ilars  from  the  zenith  that  pafs  very  near  it,  though  it 
failed  with  regard  to  parallax,  has  been  produdive  of  the  moft 
noble  difcoveries  of  another  natur^^  At  the  fame  time  it 
has   given   us    a   much  jufter  idea  of  the  immenfe  diftanoe 

.  of  the  ftars,  and  furnifhed  us.  with  an  approximation  to  the 
knowledge  of  their  parallax  that  is  much  nearer  the  truth  than 
we  ever  had  before.  Dr.  biiadl£Y,  in  a  letter  to  Dr.  hallev 
on  the  fubjeft  of  a  new .  difcovered  motion  of  the  fixed  ilara, 
feys,  "  1  believe  I  may  venture  tOr  fay,  that  in  either  of  thc^ 
*•  two  ftars  laft  mentioned  ^y  Draconis  and  ^  Urfae  majons)  it 
><  (the  annual  parallax),  does  not  amount  to  2'^  I  am  of  opi- 
^  nion,  that  if  it  were  i^'  I  fliould  have,  perceived  it  in  the 
**  great  number  of  obfervations  that  I  made,  efpeciaUy  upon 
**  y  Draconis ;  which  agreeing  vnth  the  hypothefis  (without 
**  allowing  any  thing  for  parallax)  nearly  as  well  when  the 
<«  fun  was  in  conjundlion.  with,,  as  in  oppofition  to,  this  ftar, 
•*  it  feemsvery  probable,  that  the  parallax;  of  it  is  not  £b  great 
**  as  one  fingle  fecond/*  Phil.  Ti:anf»  n.  4qj6,  p.  €37.  Dec, 

.#1728.  As  I  do  not  know: that  any  thing  more  dedfive  has 
been  done  upon  the  fubje£t,  it  will  not  be  amij(s  to  iee  how  far 
this  method  of  finding  the  parallax  has  really  been  fuccefsfuL 
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The  mftruinent  that  was  ufed  upon  this  occafion  was  the  (ame 
as  the  prefent  zenith  feftors,  which  can  hardly  be  allowed  fuf- 
ficient  to  Ihew  an  angle  of  one  or  even  two  feconds  with 
accuracy ;  yet,  on  account  of  the  great  number  of  obferva- 
tions,  and  above  all  the  great  fagacity  of  the  obferver,  we 
will  admit  that  if  the  parallax  had  amounted  tp  two  feconds  he 
would  have  perceived  it.  The  ftar  on  which  thefe  obfervations 
were  made  is  marked  of  tlve  third  magnitude  in  the  catalogue 
of  PTOLEMY  ;  in  tycho  brahe's  of  the  third ;  in  the  Prince 
of  iTESSE^s  of  the  third ;  in  hevelius's  between  the  third  and 
fecond  ;  in  flamstead*'s  of  the  fecond ;  and  now  appears  as  a 
very  bright  ftar*  of  the  third,  or  fmall  ftar  of  the  fecond  mag- 
nitude ;  therefore  Its  parallax  is  probably  contiderably  lefs  than 
that  of  a  ftar  of  the  firft  magnitude*  Several  authors  who 
have  touched  upon  this  fubjeft  feera  to  have  overlooked  this 
diftmftion;  and  from  Dr.  bradley^s  account  of  the  parallax 
of  y  Draconis,  have  concluded  the  parallax  of  the  ftars  in  gene- 
ral not  ta exceed  \'^ ;  but  this  appears  to  me  by  no.  means  to  fol- 
low from  the  doftor's  obfervatbns.  It  is  rather  evident  that,  for 
aught  we  know  to  the  contrary,  the  ftars  of  the  firft  magni^ 
tude  may  ftill  have  a  parallax  of  feveral  feconds ;  and  I  believe 
this  tabe  as  accurate  arefult  as  that  method  i^  capable  of  giv- 
ing, at  leaft  in  latitudes  where  there  is  not  a  ftar  of  the  firft 
magnitude  that  paffes  difedly  through  the  zenith  *- 

la 

•^  DE  LA  LANDE,.  ih  His  cxccllcnt  book  of  AfFronomy,  fays,  that  the  parallas 
of  the  fixed  ftars  has  been  proved  to  be  abfolutely  infcnfibic  (Alt.  liv.  XVL 
§  ijZiJ).  He  reports  the  obfervations  of  tycho  brahe,  picard,  hook*  and 
FLAMSTEAD,  aod  concludcs  (§  1778.)  from  the  difcovcry  of  the  aberration  by  Dr. 
beadcet  (which  it  feems  he  alfo  allows  to  be  the  moil  decifive  upon  the  fubjedl) 
that  now  the  queflion  about  parallsix  \s  refolved.    In  giving  us  the. opinion  which 
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In  general,  the  method  of  zenith  ^ftances  labours'  under 
the  following  confiderable  difficulties.  In  the  firft:  place,  all 
thefe  diftances,  though  they  ihould  not  exceed  a  few  degree^ 
are  liable  to  refra£tions ;  and  I  hope  to  be  pardoned  when  I  iay 
that  the  real  quantities  of  thefe  refradiona,  and  their  differences^ 

the  do6bor  had  of  the  refult  of  his  owb  obfervatioos  with  regard  to  the  annual 
parallax,    de  la  lande  only  mentions   *'  M.  b&adley  penfe  t^ue  fi  elle  (1« 
^*  parallaxe)    e{it  ete  feulement   de    i'^   il    fauroit    apper^ue    dans    le   grand 
^*  nombre  d'obfervationa  qu'ii  airoit   faites,    furtout  de  y  du  Dragon,"     But 
if    we  alfo  take  in   thofe  lines  upon  which  Dr.  jbradley  feemt  to  lay  the 
greateil  ftrefst   viz.   '*  I  believe  I  may  venture  to  fay,    that  in  dther  of  the 
^*  two  flars  laft  mentioned  it  does   not  amount  to  two  fecondt^''    and  if  we 
allow  for  the  magnitude  of  the  flars  upon  which  the  obfervations  were  made,  I 
think  I. have  fairly  ftated  the  full  amount  of  all  the  adual  proo^  we  have  of  the 
imalinefs  of  the  annual  parallax.    Now,  fince  it  has  efcaped  the  fineft  oMervations 
of  BRADLEY,  it  IS  not  likely  that  it  ihonld  come  up  to  the  full  quantity  to  which 
it  might  amount  without  being  perceived;  and  therefore  the  dodor  might  think 
it  highly  probable,  *^  that  it  is  not  fo  great  as  one  fingle  fecond  ;"  and  his  opi« 
nion,  as  well  as  de  la  lande's,  who  believes  it  to  be  abfohiteiy  infenfiUe,  are 
perfe6Hy  confiftent  with  all  the  obfervations  that  have  hitherto  been* made ;  though 
the  aHual  procfs^  which  are  the  fubie6k  of  our  prefent  inquiry,  do  not  extend  fi> 
far.    Againfl  the  parallax  of  Shrlus  de  la  lande  (§  278i«)   tnentions  '*  forty- 
«■  five  meridian  altitudes  taken  by  Dr,  BEvis[a],  with  the  eight-ieet  mural  qua- 
•*  drant  of  the  Royal  Obfervatory  at  Greenwich,  none  of  which  differed  3  or  4" 
*<  from  the  mean  altitude*^    Now,  if  they  differed  3  or  4/'  from  the  mean,  we 
may  foppofe  they  differed  6  or  8''  from  6ach  other ;  and  that  obfenrattoni,  fubje& 
to  fo  many  caufes  of  error  as  I  (hall  prafemly  cwinacrate,  and  whidi  differed  & 
fliluch  from  each  other,  cannot  give  the  lead  evidence  either  for  or  againfl  a  paral- 
lax, will  need  no  proof.    Refradion  alone,  which  is  liable  to  fuch  changes  at  the 
jneridian  altitude  of  Sirius,  notwithflanding  the  moft  careful  obfervations  of  the 
barometer  and  thermometer  iliould  be  made  to  afeertain  its  quantity,  would, 
<with  me,  remain  an  unanfwerable  argument  againft  the  validity  of  fuch  obferva« 
tions  in  a  fubje£k  of  thb  critical  nicety. 

[a]  Thefe  obfenrationt  were  not  oiftde  by  Dr.  aavti*  bat  estfufted  (lom  ibe  ve^ften^f  the  Royml 
Obfervatory  at  My  dcfirc^  lad  calouJatcd  by  jnjfelf,  m»A  fent  ia  a  Icuer  by  X>r.  asvis  to  Paris. 
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are  very  for  from  being  perfeAly  known.  SecondI;jr,  the 
change  of  pofition  of  the  earth's  axis  ariiing  from  nutatio:), 
preceffion  of  the  equinoxes,  and  other  caufes,  is  io  far  from 
being  completely  fettled,  that  it  would  not  be  very  eafy  to  fay 
what  it  exactly  is  at  any  given  time.  In  the  third  place,  the 
aberration  of  light,  though  beft  known  of  all,  may  alio  be 
Mable  ta  fbme  fmall  errors,  fince  the  obiervations  from  which  it 
was  dieduced  laboured  under  all  the  foregoing  difiicukies*  I  da 
not  mean  to  fay,  that  our  theories  of  all  thefe  caufes  of  error 
are  defective ;  on  the  contrary,  I  grant  that  we  are  for  moft 
ailronomical  purpofes  fuf&ciently  furni(hed  with  excellent  tables 
to  corredt  our  obfervations  from  the  above  mentioned  errors. 
But  whi^H  we  are  upon  fb  delicate*  a  pobit  as  the  parallax  of  the* 
ftars ;.  whea  we  are  inveftigating angles  that  may,  perhaps,  not 
amount  taa  iingle  iecond,  we  muft  endeavour  to  keep  clear  of 
every  poflibility  of  being  involved  in  uncertainties ;  even  the 
hundredth  part  of  a  fecoad  becomes  a  quantity  to  be  taken^ 
into  confideration.. 

4 

I  ihall  now  deliver  the  method  I  have  taken,  and  jfhew  that 
it  is  free  from  every  error  to  which  the  former  is  liable,  and  is> 
ftill  capable  of  every  improvement  the  telefcop6  and  mecha- 
nifm  of  micrometers  can  furnifh. 

Let  OE  (fig.  1 .)  be  two  oppofite'  points  of  the  annual  orbit^ 
taken  in  the  fame  plane  with  two  ftars  dj  b^  of  unequal  magni-^ 
tudes.  Let  the  angle  a  Ob  be  obferved  when  the  earth  is  ^t 
O  :  and  let  the  angle  ai^  b  be  alfo  obferved  when  the  earth  is« 
at  E.  From  the  difference  of  thefe  angles,  if  any  Should  be 
found,  we  may  calculate  the  parallax  of  the  ilars,  according  to 
a  theory  that  will  be  delivered  hereafter.  Thefe  two-  ftars,  for 
reafbns  that  will  foon  appear,  ought  to  be  as  near  each  other  as* 
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pofiible,  and  alfo  to  difier  as  much  in  magnitude  as  we  can  find 
them. 

GALILEO,  I  believe,  was  the  firft  who  fuggefted  this  me- 
thod ;  but  in  the  manner  he  mentions  it  in  his  third  dialogue 
of  the  S^iftema  Eofmicum^  it  would  beexpofed  to  all  the  difficul- 
ties we  have  enumerated,  and  would  wifh  to  avoid ;  for  he  does 
not  obferve,  that  the  two  ftars  (hould  be  fo  near  each  other  as 
thereby  to  preclude  the  influence  of  every  caufc  of  error. 

This  method  has  alfb  been  mentioned  by  other  authors ;  and 
we  find  that  Dr.  long  obferved  the  double  ftar  which  is  the 
firft  of  Aries  in  ptolemy*s  catalogue ;  that  in  the  head  of 
Caftor ;  the  middle  one  in  the  fword  of  Orion  ;  and  that  in  the 
breaft  of  Virgo,  with  telefcopes  of  fourteen  and  feventeen  feet, 
and  "  was  perfuaded  they  would  be  found  always  to  appear 
*<  the  fame.*'  But  when  the  theory  of  parallax  will  be  ex- 
plained, it  wrll  be  feen  that  every  one  of  thefe  ftars  are  totally 
improper  for  the  purpofe ;  for  the  ftars  of  y  Arietis  are  near  lo^' 
diftant  from  each  other,  and  moreover  equal  in  magnitude.  In 
u  Gfeminorum  the  ftars,  though  near  enough,  do  not  fuffi- 
ciently  differ  in  magnitude  to  fliew  any  parallax. .  The  ftars  in 
the  Nebula  of  Orion,  on  account  of  their  extreme  fmallnefs  or 
diftance,  are  ftill  more  improper  than  any ;  and  thofe  of  y  Vir- 
ginis  are  equal  in  magnitude. 

I  do  notfiiid  that  any  thing  elfe  has  been  done  upon  the  fub- 
jecl.  GALILEO  juftly  remarks,  that  fuch  obfervations  ought  to 
be  made  with  the  beft  telefcopes,  and  upon  this  occafion  mentions 
the  power  of  his  own,  which  enlarged  the  dilk  of  the  fun  a 
thdufand  times,  from  which  we  find  it  magnified  about  thirty* 
two  times  ;  but  we  can  hardly  think  his  nor  even  Dr.  long*s, 
whofe  power  might  probably  be  fixty  or  Seventy,  fufficient  for 
the  purpofe.     What  would  galileo  fay,  if  he  were  told  that 
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fSHf  piefent  optkians  make  inftruments  that  enlarge  the  difk  cf 
the  fun  above  forty  thoufand  times  ?  What  would  ev^en  cassini 
<ay,  if  he  were  to  view  the  firft  ftar  of  Aries,  Which  appeared  to 
bim  as  fplit  in  two,  through  a  tekfcope  that  will  (hew  17  Co* 
ronas  borealis  and  h  Draconis  to  be  double  fiars  ? 

But  to  proceed,  I  (hall  now  prove  that  this  method,  if  ftars 
properly  fituated  (fuch  as  I  have  found)  are  taken,  is  free  from 
all  the  errors  occa(ioned  by  refraction,  nutation,  preceflioa  of 
the  equinoxes,  changes  of  the  obliquity  of  the  ecliptic,  and 
aberration  of  %ht ;  and  that  the  annual  parallax,  if  it  even 
(hould  not  exceed  the  tenth  part  of  a  fecond,  may  (lill  become 
^(ible,  and  be  afcertained  at  leaft  to  a  much  greater  d^ree  of 
approximation  than  it  ever  has  been  done* 

It  wilt  alfo  appear,  from  the  great  number  of  ob(ervations  t 
have  dready  made  upon  jfeveral  double  (brs,  e(pecially  i  Bootis, 
that  we  can  now  with  much  greater  certainty  affirm  the  annual 
parallax  to  be  exceedingly  fmall  indeed ;  and  that  there  is  a 
great  probability  of  fucceeding  (lill  farther  in  this  laborious 
but  delightful  refearch^  fo  as  to  be  able  at  lafl  to  fay,  not  only 
how  much  the  annual  parallax  is  not^  but  how  much  it  really 
is. 

Let  there  be  two  ftars  at  a  dtftance  from  each  other,  not  ex- 
ceeding five  feconds ;  fuppofe  them  to  be  obferved  at  an  altitude 
of  ID** ;  and  let  them  be  fo  (ituated  with  refpedt  to  each  other, 
that  one  of  them  may  be  20°,  and  the  other  zd"  and  5'^  high  : 
then  the  whole  ef{edl  of  mean  refra£lion  at  that  altitude,  by  Dr. 
Okf  ASK£tYK£*s  excellent  tables,  will  be  2'  35/^,5  for  20%  and 
x'  35^,4888  for:2o''  $'\  The  difference  is  o'^oi  1 1.  Now,  in 
the  firft  place,  we  have  nothing  to  do  with  the  rcfraftion  itlelf, 
iince  the  red  altitude  of  the  flars  is  not  in  queftion.  In  the 
not  place,  we  alfo  have  no  concern  with  the  difference  of  refrac- 
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and  kk  Into  1 4.  equal  parts,  beginning  at  o,  the  point  where  ii 
cuts  the  line  dhy  continuing  afterward  fix  divifions  now  on, 
that  line  below  kk^  making  in  all  20  equal  divifions.  If  now 
lines  be  drawn  through  each  of  the  dividing  points,  from  a  to 
20  to  the  line  o:,  at  right  angles  with  the  fame,  they  will  g^ve 
on  the  line  cc  the  true  thermometrical  fcale  to  every  5'  from  2 
to  102,  properly  adjufted  to  the  inequality  of  thetube*,  which 
in  this  cai£  is  nearly  of  the  fame  £ameter  at  each  end,  but 
fmaller  towards  the  middle.  Tubes  may  indeed  be  found  of 
fbme  confiderable  length  with  lefs  inequality  than  what  this 
{bale  exhibits ;  bur  the  error  is  here  enlarged,  to  render  the 
method  of  correifKng  it  more  conlpicuous. 

*  Ea^erifnentally  to  prove  this  method  I  hivo  n^ade  mercurial  thermoineten, 
wbofe  Icatu  from  the  freeziag  point  to  that  of  boiling  heat  were  nearly  three 
feet,  and  though  the  ineq^ualicies  of  the  tubes  were  very  confiderable,  varying  in 
contrary  direftions  to  each  other ;  yet  when  they  were  placed  on  the  Tame  frame, 
they  perfirfMy  agreed  in  a  motion  of  the  mercury  in  every  part  of  their  fcalci. 
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does  Aot  appear^  TteoFies  are;  csUjs  ta  jbe.'vft^  l^icil  p)-C|>i^ 
data  are  aiHgtied ;  but  the  data  ar€  carelWUj  te  M^e^mAifiec^ 
when. new  improveEnentfi  laaay  widely  alter  t^Xi^\f\of  former 
.experiments*  Thus,  w;^ .  are  told,  that  "we ,  gsoiv  flothil^g  by 
magnifying  too  mucb^  I  grant  it;  but  ihall:  never  believe  i 
magnify  too  mndi  till  by  experience  I  find,,  that  I  c^i  £be  hotter 
with  a  lower  power*  Nor  is  even  that  iuffiqientr  a  lower 
power  may  ihew  more  of  the  ot^'ed ;  it  M^y  flteW  if:  brig}]«eiv 
nay  even  diftin£ter^  and  therefore  npoa  the  wfaok  l^ettfer  fc  m^ 
yet  the  greater  power  may,  in  a  particular  icajfe,  "be  pcelbrable  i 
for  if  the  ot^e^i:  is  fb  fmall  as  not  to  be  at  all  vifible  M^th  the 
lower  power,  and  I  can,  by  magnifying  more,  obtain  .a  vi^f  o^ 
it|  though  neither  fb  bright  nor  diAin<Sk  ^  1  could  wifli,  is  it 
not  evident,  that  here,  this  power i^pre&i^able  to  thefbcnidr  ? 

The  naturalift  does  not  think  himfelf  obliged  to  account  fo« 
all  the  phaenomena  he  may  obferve ;  the  aflroiuxner  land  opti- 
cian may  claim  the  fa^^^ie  privilege*.  Whmi  we  iacr^aierthe' 
power  we  leiien  the  light  in  the  inverfe  ratio  of  the  f<|uar*' 
of  the  power ;  and  telescopes  will,  in  general,  drover  inore' 
fmall  ftars  the  more  light  they  coUedt ;.  yet  with  a  power 
of  2^7  I  cannot  fee  the  fmall  flar  nrar  the*  fbr  followii^ 
0  Aquilae,  when,  by  the  fame  telefcope,  it  appears  sexy  plainljF 
with  the  power  of  460 :  now,  in  the  latter  cafe,,  the  power 
being  more  than  double,  the  light  is  lej^  than  the  fourtk- 
part  of  the  former.  In  fuch  particular  cafes  I  generally  fufpe^ 
my  own  eyes,  and  have  recourfe  to  thofe  of  my  friends.  I  had 
the  pleafure  of  (hewing  this  flar  to  Dr.  w  at  son  junior,  who 
ibon  difcovered  the  fmall  flar,  which  accompanies  the  other^. 
with  the  power  of  460.;  but  faw  nothing  of  it  with  227, 
though  the  place  where  to  look  for  it  had  been  pointed  out  ta 
him  by  the  higher  power.    The  experiment  has  been  too  ofteu 
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itf)eated  to  lie  dctabtful^  and  Itas  aifd  been  confirmed  by  others 
of  nearly  the  fame  nature:  for  inftance,  the  fmaileft  of  the 
two  that  accompany  the  ftar  near  k  Aquilae,  the  fmall  Aar 
near  ^  HercuUs^  and  the  fmall  ftar  near  os  Lyras^  are  invifible 
with  niy  power  of  227,  and  vifible  with  the  fame  aperture 
when  the  power  is  460.  Alfo  the  fmall  ftars  near  flam- 
stbad's  24th  of  Aquila,  the  fmaileft  of  two  near  o-  Coronae, 
the  fmall  ftar  near  the  ftar  fouth  of  £  Aquila^  the  fmall  ftar 
near  the  fecond  0  Perfei,  the  fmall  ftar  near  the  ftar  which 
accompanies  flamstrad*s  loth  fub  pede  et  fcapula  dextra 
Tauri,  the  fmall  ftar,  near  i3  Delphini,.  and  the  fmall  ftar  near 
the  pole  ftar,  are  all. much  brighter  and  ftronger,  and  therefore 
much  iboner  feen  with  460  than  with  227. 

Great  power  may  ^Ifb,  in  particular  circumftanccs,  be  fii-- 
vourable,  even  with  an  excefs  of  aberration*  When  two  ftars 
are  fo  clofe  together  as  to  make  the  fcale  for  meafuring  the 
diftance  of  their  centers  too  finall,  if,  by  magnifying  much,. 
we  c^i  enlarge  that  diftance,  we  may  gain  a  coiiiiderdble  adr 
vaat^,  provided  the  centers  or  apparent  bodies  of  the  ftars 
Mno^ain  diftin^l  enough  for  the  purpofe  of  thefe  mcafures.  The 
appearance  of  »  Lyrae  in  my  Newtonian  refledlor  with  a  power 
of  460  :is  reprefented  in  fig.  2.;,  with  2010  in  fig.  3. ;  with 
3i^&  in  fig.  4.;  and  wifth  6450  in  fig.  5.  Now  in  all  thefe 
figures  we  fee,  that  the  centers  are  ftill  diftin£):  enough  to  mea- 
fure  their  diftances  with  fufEcient  truth  ;  or  if  any  little  error 
fhould  be  introduced  by  the  magnitude  of  the  central  point,  it 
will  be  more  than  fufficiently  balanced  by  the  largenefs  of  the 
icale.  In  this  manner,  with  a  power  of  3168,  I  have  obtained 
a  fcale  of  no  lefs  than  ten  inches  fix  tenths  for  the  diftance  of 
the  centers  of  the  two  ftars  of  as  Geminorum ;  and  as  we 
7  know^ 
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know  thefe  centers  to  be  but  a  few  feconds  dift^tfit,^  it  is  plam 
how  great  an  advaiitage  we  gain  by  fuch  an  enlarged  icale. 

Thefe  experiments  have  but  "wry  lately  pointed  out  to  me  a 
method  of  making  a  new  ^micrometers  upon  a  eonftru£lioa 
entirely  different  from  any  that  are  now  in  ufe,  which  I  have 
beenTfuccefsful  enough  to  put  in  practice,  and  by  which  I  have 
already  begun  to  determine  the  diftance  of  the  centos  of  ibme 
of  the  mofl:  remarkable  double  ^ars  to  a  vecy  jgreat  degree  of 
accuracy  *. 

The  powers  that  may  be  ufed  upon  various  double  ftars  are 
dif&rent,  according 'to  their  relative  magnitudes-:  f  Bootis,  for 
inftiancey  will  not  bear  the  fame  power  as  ^  Gemmorum,  nor 
would  it  be  difficult  to  aflign  a  >reafi)n  for  \t  ^  but  as  I  here  fliaU 
merely  .confine  myfelf  to  fastis,  tt  will  ^be  tfufficient  in  ^neral 
to  mention  9  :that  two  ftars;  which  are  equal,  or  nearly  io, 
will  bear  a  very  high  power :  with  m  «Geminorum  I  have  gone 
^s  far  as  3168  j  but  with  the  former  only  to  2010.  The  difl$- 
culty  of  uiing  high  powers  is  exceedingly  great;  for  the  field 
of  view  takes  in  4e{s  than,  the  diameter  of  the  hair  or  wire  in 
the  finder,  and  the  dfFe£l:  of  the  earth's  diumal  motion  is  fo 
great,  that  it  requires  a  great  deal  of  practice  to  find  the 
objeft,  and  manage  the  inflrument.  It  appears  to  tnc  very 
probable,  that  the  diumal  motion  of  the  earth  will  be  the 
greateft  obftacle  to  our  progrefs  in  magnifying,  expept  we  can 
introduce  a  proper  mechamfm  to  carry  our  telefcopes  in  a  con- 
trary motion. 

Notwithftandii>g  opticians  'have  proved  that  two  eye-glalles 
will  give  a  more  correft  image  than  one,  I  have  always  (from 
experience)  perfiftcd  in  refufing  the  aiHftance  of  a  fecond  glais, 
which  Is  fure  to  introdwce^rror^  greater  thaH  thofe  we  would  cor-  r 
reft.  Let  us  relign  the  double  eye-glafs  to  thofe  who  view  objects 

*  For  a  defcription  of  this  iBWti)ixieter  fee  a  fubfequent  paper. 
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merdy  for  entertainment,  and  muft  have  an  exorbitant  field  of 
view.  To  a  philofopher  this  is  an  unpardonable  indulgence. 
I  have  tried  both  the  fingle  and  double  eye-glafs  of  equal 
powers,  and  always  found -thar  the  (ingle  eye^glafs  had  much 
the  fuperiority  in  point  of  light  and  diftinftnefs.  With  the 
double  eye^glafs  I  could'  not  iee  the  ie/ts  on  Saturn^  which  I 
very  plainly  few  with  the  fingle  one.  T  would,  however, 
except  ai^  thofe  cafes  where  a'  large  field  is  abfolutely  neceflary^ 
an^  where  power  joined  to  diftinftnefs  is  not  the  fok  objed  of 
ci^r  viewi 

The  applicationr  of  the  difierent  powers  of  a  tfelefcope  in 
gOieral  iaof  fbme  confequence;  and  in  anfwer  to  thofe  who 
may  think  I  have  drained  or  over-charged  mine,  I  muft  obierve,* 
Aat  a  fingle  glance  at  the  fubieqnent  b  Draconis,  if  Cbronae; 
and  the  ftar  near  ^  Bc)otis,  with  a  power  of  460,  ihewed  them 
tp  me  as  double  ftars ;  when;  in  two  former  reviews  of  tht 
heavens,  I  had" twice  iet  them*  down*  in  ray  journal  as*  fingle 
fiars,  where  I  ufed^'only  the  power  of  222  and  227,  and  in 
all  probability  ihould^  never  have  found  then)  double,  had  I  not 
looked  with  a  higher  power.. 

We  are  to  remember,  that  it  Ts  much  cafier  to  fee  an  cd^rjeft 
when  it  is  pointed^out  tous  than  when' it*  falls  in  our  way  un^ 
expededly,  efpecially  if  of  fucha  nature  as  to  require  fome 
attention  to  be  feen  Malh;  but  to  fayna  more  of  other  advan- 
tages of  high  powers,  it  is  evident,,  that  inthe  refearch  of  the 
l^rallax  of  the  fixed  ftars  they  are  abfolutely  neceflary.  I£ 
we  would  diftih£lly  perceive  and^meafure  or  efHmate  extremely 
imall  quantities,,  fuch. as  a  tenth^of  a  fecond,  it  appears,  that 
when  we  ufe  a  power  of  460,  this  tenth  of  a  fecond  will  be 
no  more  in  appearance  than  46'',  and  even  with  a  power/  of 
1500  will  be  but  l'  30^%  which  is  a  quantity  not  much  more 
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than  fufBcient  to  judge  well  of  obje£b  and  diftinguifli  theok 
from  each  other,  fuch  as  a  circle  from  a  fquare,  triangle,  or 
polygon  *• 

It  has  been  obferved,  that  objeds  grow  indiftin£t  when  the 
principal  optic  pencil  at  the  eye  becomes  lefs  than  the  40th  or 
50th  part  of  an  inch  in  diameter.  In  the  experiments  that 
have  been  made  upon  this  fubje£t  it  appears  to  me,  that  the 
indiftindnefs  which  is  afcribed  to  the  fmallnefs  of  the  optical 
pencil  may  be  owing  to  very  difierent  caufes  :  at  leaft  it  will 
be  eafy  to  bring  contrary  experiments  of  extremely  fmall  pen- 
cils, not  at  all  afieded  by  this  inconvenience  ;.  for  inftance,  it 
is  well  known,  that  microfcopes,  confifting  of  a  fingle  lens  or 
globule,  are  remarkable  for  diftindnefs.  We  alio  know,  that 
they  have  been  made  fb^fmall  as  to  magnify  above  10,000 
times  4-.  From  this  we  may  infer  that  their  apertures,  and 
confequently  the  diameters  of  .'the  optic  pencil  at  the  eye  could 
not  exceed  the  2500th  part  of  an  inch.  I  am  therefore  in* 
clined  to  believe,  that  we  muft-  look  for  diflinSnefs  in  the  per- 
fefltion  of  the  obje£k-fpeculum  or  objeft-glafs  of  a  telefcope ; 
and  if  we  can  make  the  firfl  image  in  the  focus  of  a  fpeculum 
almoft  as  perfect  as  the  real  obje€t,  what  (hould  hinder  our 
magnifying  but  the  want  of  light  ?  Now,  if  the  objed  has  light 
fufficieut,  as  the  flars  moft  undoubtedly  have,  I  fee  no  reafbn 
why  we  fhould  limit  the  powers  of  our  inftruments  by  any 
theory.     Is  it  not  beft  to  have  recourfe  to  experiments  to  find 

*  By  a  (et  of  experiments,  made  in  the  year  1774,  I  found,  that  I  could  dif« 
rover  or  perceive  a  bright  obje£l,  fuch  as  white  paper,  againft  the  Iky-light,  when 
it  fubtended  an  angle  of  3;'^ ;  but  couid  only  diftinguifh  it  to  be  a  circle,  and  no 
other  figure,  when  it  appeared  under  an  angle  of  a'  14'^ 

j-  See  Padre  della  xorre's  Method,  &c«  Scelta  di  Opufculi« 
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hoiw  far  our  endeavours  to  render  the  firft  image  perfect  have 
been  fuccefsfuL 

As  foon  as  I  was  fully  fatisfied  that  in  the  inveftigatlon  of 
parallax  the  method  of  double  ftars  would  have  many  advan- 
tages above  any  other,  it  became  neceflary  to  look  out  for  pro- 
per ftars.     This  introduced  a  new  feries  of  obfervations.     I  re- 
fblved  to  examine  every  ftar  in  the  heavens  with  the  utmoft 
attention  and  a  very  high  power,  that  I  might  colle6l  fuch  ma- 
terials for  this  refearch  as  would  enable  me  to  fix  my  obferva- 
tions upon  thofe  that  would  beft  anfwer  my  end.     The  fubjcft 
has  already  proved  fo  extenfive,  and  ftill  promifes  fb  rich  a 
harveft  to  thofe  who  are  inclined  to  be  diligent  in  the  purfuit, 
that  I  cannot  help  inviting  €vtry  lover  of  aftronomy  to  join 
with  me  in  obfervations  that  muft  inevitably  lead  to  new  difco- 
veries.     I  took  fome  pains  to  find  out  what  double  ftars  had 
been  recorded  by  aftronomers ;  but  my  fituation  permitted  me 
not  to  confult  extenfive  libraries,  nor  indeed  was  it  very  material : 
for  as  I  intended  to  view  the  heavens  myfelf.  Nature,  that 
great  volume,  appeared  to  me  to  contain  the  beft  catalogue 
upon  this  occafion.     However,  I  remembered  that  the  ftar  in 
the  head  of  Caftor,  that  in  the  breaft  of  the  Virgin,  and  the 
firft  ftar  in  Aries,  had  been  mentioned  by  cassini  as'  double 
ftars.     I  alfo  found  the  Nebula  in  Orion  was  marked  in'kuGEN's 
Sjiftema  Saturnium  as  containing  feven  ftars,  .'three  of  which 
(now  known  to  be  four)  are  very  near  together.     With  this 
fmall  ftbck  I  begun,  and  in  the  courfe  of  a  few  years'/)bferva^- 
tions  have  colledled  the  ftars  contained  in  my  catalogue.    1  find, 
with  gre^t  pleafure,  that  a  very  excellent  obferver,  whom  I 
have  the  honour  to  call  my  friend*,  has  alfo,  though  un- 

»  Phil.  Tr^Qf..for  the  year  1,781,  part  11.  double  ftars  difcovcrcd  in  1779^^  at 
Frampton-houfe,  Gl^morganfhire,  by  hat.  pigott,  Efq.  F.  R..S.  &c. 

Vol.  LXXII.  O  known 


^8  ^'^  HERSCHEL  OH  the 

known  to  me,  met  with  three  of  thofe  ftars  that  will  be  found 
in  my  catalogue :  and  upon  this  occafion  I  alfo  beg  leave  to 
obfcrvc,  that  the  Aftronomer  Royal,  when  I  was  at  Greenwich 
laft  May,  with  his  ufual  politenefs,  (hewed  me,  among  other 
objects,  cc  Herculis  as  a  double  ftar,  which  he  had  difcovered 
fome  years  ago.  The  rev.  Mr.  hornsby  alfo,  when  I  had  the 
pleafure  of  feeing  him  at  Oxford,  in  a  converfation  on  the  fub- 
jeft  of  the  ftars  of  the  firft  magnitude  that  have  a  proper  mo- 
tion, mentioned  tt  Bootis  as  a  double  ftar.  It  is  a  little  hard 
upon  young  aftronomers  to  be  obliged  to  dlfcover  over-again 
what  has  already  been  difcovered ;  however,  the  pleafure  that 
attended  the  view  when  I  firft  faw  thefe  ftars  has  made  fome 
amends  for  not  knowing  they  had  been  feen  before  me.  . 

If  I  ftiould  mention  in  mv  lift  of  obfervations  a  few  that 
may  be  found  difficult  to  be  verified  by  other  telefcopes,  I  muft 
beg  the  indulgence  of  the  obfervexs.  I  hope  it  will  fufficiently 
appear,  that  I  have  guarded  againft  optical  delufions  ;  and  every 
aftronomer,  I  make  no  doubt,  will  find,  by  thofe  obfervations 
that  fall  within  the  compafs  of  his  infbruments,  and  attention 
to  circumftances  neceflfary  to  the  right  management  of  them, 
that  I  have  had  all  along  truth  and  reality  In  view,  as  thefole 
objedl  of  my  endeavours ;  and  therefore  he  will  be  inclined  to 
give  fome  credit  to  what  he  does  not  immediately  perceive^ 
when  he  finds  himfelf  fuccefsful  where  he  takes  the  pn^r 
precautions  fo  neceflary  in  delicate  obfervations,  even  with  the 
beft  inftniments. 

I  have  been  in  fome  doubt  In  what  manner  ta  communicate 
thefe  obfervations.  My  firft  view  was.  to  have  methodized  them 
properly  ;  but  I  find  them  fo  extenfive  that  there  is  but  little 
probability  that  one  perfori  fhould  be  able  to  bring  them  to  a 
conclufion,  for  which  reafonlhave  now  refolved  to  give  them 
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unfim(hed  as  they  are,  that  every  pcrfon  who  is  inclined  to  en- 
gage in  this  purfuit  may  become  a  fellow-labourer. 

In  fettling  the  diftances  of  double  {lars  I  have  occafionally 
nfed  two  different  ways.  Thofe  that  are  extremely  near  each 
other  may  be  eftimated  by  the  eye,  in  meafures  of  their  own 
apparent  diameters.  For  this  purpofe  their  diftance  ihould  not 
much  exceed  two  diameters  of  the  largcft,  as  the  eye  cannot  fb 
iivell  make  a  good  eflimation  when  the  interval  between  them  is 
greater.  This  method  has  often  the  preference  to  that  of  the 
micrometer :  for  inftance,  when  the  diameter  of  a  fmall  ftar, 
perhaps  not  equal  to  half  a  fecond,  is  double  the  vacancy  be- 
tween the  two  ftars.  *  Here  a  micrometer  ought  to  meafure 
tenths  of  feconds  at  leafl,  otherwife  we  could  not,  with  any 
d^ree  of  confidence,  rely  on  its  meafures ;  nay,  even  then,  if 
the  ftars  are  fituated  in  the  fame  parallel  pf  declination  and 
near  the  equator,  their  quick  motion  acrofs  the  micrometer 
makes  it  extremely  difficult  to  meafure  them,  and  in  that  cafe 
an  eftimation  by  the  eye  is  preferable  to  any  other  mealure ; 
but  this  requires  not  a  little  practice,  precaution,  and  time, 
and  yet  with  proper  care  it  will  be  found  that  this  method  is 
capable  of  great  exaftnefs.  Let  two  fmall  circles  be  drawn 
eithet  equal  or  unequal,  at  a  diflance  not  exceeding  twice  the 
diameter  of  the  largeft ;  let  thefe  be  (hewn  to  feveral  perfbns 
in  the  fame  light  and  point  of  view.  Then,  if  every  one  of 
them  will  feparately  and  carefully  write  down  his  eftimation  of 
the  interval  between  them,  in  the  proportion  of  either  of  their 
diameters,  it  will  be  found  upon  a  comparifon  that  there  will 
ieldom  be  fb  much  as  a  quarter  of  a  diameter  difference  be- 
tween ail  the  eftimations.  If  this  agreement  takes  place  with 
fb  many  different  eyes,  much  more  may  we  expedl  it  in  the 
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eftimations  of  the'feiHd  eve  wheii  accuftomod  to  this  kind  of 
judgement, 

I  have  divided  the  double  ftars  into  feveral  different  daflfg. 
In  the  firft  I  have  placed  all  thofe  which  reqture  indeed  a.very- 
fuperibr  telefcope,  thfe  utmoft  clearnefs  of  air,  and  every  odier 
favotraMe  circumftance  to  be  feen  at  all,  or  well  enough  ta 
judge  of  them.  They  feemed  to  me  on  that  account  to  defervci 
a  feparate  place,  that  an  obferver  might  not  condemn  his  in- 
ftrument  or  his  eye  if  he  Ihould  not  be  fuccefsful  indiftiii-^ 
gui(hing  them. 

As  thefe  are  fome  of  the  finefl,  mofl  minute,  and  mofl:  de* 
licate  objefts  of  vifion  I  ever  beheld,  I  fhall  be  happy  to  hear 
that  my  obfervations  have  been  verified  by  other  peribns,  which 
I  make  no  doubt  tbs  curious  in  adronomy  will  foon  undertake* 
I  fhould  obferve,  that  fince  it  will  require  no  QOipmen  fhetch 
of  power  and  diftindmefs  to  fee  thefe  dod[>le  ftars,  it  will  thjsr&* 
fore  not  be  amifs  to  go  gradually  through  a  few  preparatory 
ileps  of  vifion,  fuch  as  the  following :  when  9  Coronas  borealis 
(one  of  the  moft  minute  double  ftars)  is  propoi^to  be  viewed^ 
let  the  telefcope  be  fbme  time  before  directed  to  »  Geminorum, 
or  if  not  in  view  to  either  of  the  following  ftars,  1^  Ai^uarii, 
ft  Draconis,  ^  Herculis,  a  Pifcium,  or  the  curious  double-* 
double  ftar  e  Lyrae.  Thefe  (hould  be  kept  in  view  for  a  con£i-* 
derable  time,  that  the  eye  may  acquire  the  habit  of  fiseiiig  fuch 
objects  well  and  diftinftly.  The  obferver  may  next  proceed  to 
^  Urfae  majoris,  and  the  b^^'^vitiful  treble  ftar  in  Monoceros's 
right  fore- foot ;  after  thefe  to  /  Bbotis,  which  is  a  fine  nMoia* 
ture  of  a  Geminorum,  to  the  ftar  preceding  a  Orionis,  and  to 
n  Orionis.  By  this  time  both  the  eye  and  the  telefcope  wiU  be 
prepared  for  a  ftill  finer  pi(flure,  which  is  n  Coronae  borealis.  It 
will  be  in  vain  to  attempt  this  latter  if  all  the  former,  at  leafl: 
2  i  Bootis, 
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/Bootls,  cannot*  be  diftindly  perceived  to  be  fairly  feparated 
becaufe  it  is  almofl  as  finei  a  miniature  of  /  Bootls  as  that  Is  of 
«  Geminorum.  If  the  obferver  has  been  fuccefsful  in  all  thele, 
he  nuy  then,  at  the  fame  time,  try  b  Draconis,  though  I 
queAioa  whether  any  power  lefs  than  4  or  500  will  (hew  it  to 
be  double ;  but  the  former  I  have  all  iotn  very  well  with  227. 

To  try  the  ftars  of  unequal  magnitudes  it  will  be  expedient  to 
take  them  in  fome  fuch  order  as  the  following :  a  Herculis, 
tt  Auriga^,  i  Gemkioram,  k  Cygni,  c  Perfei,  and  b  Draconis ; 
from  theie  the  obferver  may  proceed  to  a  moft  beautiful  objeft, 
c  Bootis,  which  I  have  clofdiy  attended  thefe  two  years  as  very 
proper  for  the  inveftigatbn  of  the  parallax  of  the  ilxed  ftars. 

It  appears,  from  what  has  been  faid,  t;hat  thefe  double  ftars 
are  a  moft  excellent  way  of  trying  a  telescope ;  and  as  the  fore- 
going remarks  have  fug^fted  the  method  of  feeing  how  far  the 
power  acid  diftinftnefs  of  our  inftruments  will  reach^  I  fliall 
add  the  way  of  finding  how  much  light  wc  have*  The  ob- 
ferver may  begin  with  the  pole-ftar  and  a  Lyjr^;  then  go  to  the 
ftar  fouth  of  t  Aquilae,  the  treble  ftar  near  ^  Aquilae,  and  laft 
of  all  to  the  ftar  following  0  Aquilaa.  Now,  if  his  telefcope 
has  not  a  great  deal  of  good  diftindl  light,  he  will  i>ot  be  able 
to  fee  fome  of  the  fmall  ftars  that  accompany  them. 

In  the  fecond  clafs  of  double  ftars  I  have  put  all  thbfe  that 
are  proper  for  eftimations  by  the  eye  or  very  delicate  meafure«. 
of  the  micrometer.  To  compare  the  diftances  with  the  appa- 
rent diameters  the  power  of  the  telefcope  fliould  not  be  much 
lefs  than  200,  as  they  will  otherwife  be  too  clofe  for  the  pur- 
pofe.  The  inftrument  ought,  moreover,  to  be  as  much  as 
poffible  free  from  rays  that  furround  a  ftar  in  common  tele- 
fcopes,  and  (hould  give  the  apparent  diameters  of  a  double  ftar- 
pcrfedlly  round  and  well-defined,  with  a  deep  black  divifion 
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between  them,  as  in  fig.  6.  which  reprefents  a  Gemmorum  as  I 
have  often  feen  it  with  a  power  of  460.  It  will  be  neceflary 
,  here  to  take  notice,  that  the  eftimations  made  with  one  tele- 
fcope  cannot  be  applied  to  thofe  made  with  another :  nor  can 
the  eftimations  made  with  different  powers,  though  with  the 
fame  telefcope,  be  applied  to  each  other.  Whatever  may  be  the 
caufe  of  the  apparent  diameters  of  the  ftars,  they  jre  certainly 
not  of  equal  magnitude  with  the  fame  powers  in  difierent  tele^^ 
fcopes,  nor  of  proportional  magnitude  with  different  powers  in 
the  farrle  telefcope.  In  my  inftruments  I  have  ever  found  lefs 
diameter  in  proportion  the  higher  I  was  able  to  go  in  power, 
and  never  have  I  found  fo  fmall  a  proportional  diameter  as 
when  I  magnified  6450  times  • ;  therefore  if  we  would  wi(h 
to  compare  any  fuch  obfervations  together,  with  a  view  to  fee 
whether  a  change  in  the  diftance  has  taken  place,  it  (hould  be 
done  with  the  very  fame  telefcope  and  power,  even  with  the 
very  fame  eye-glafs  or  glaffes ;  for  others,  though  of  equal 
power  and  good^fs,  would  moft  probably  give  different  pro- 
portional diameters  of  the  ftars. 

In  the  third  clafs  I  have  placed  all  thofe  double  ftars  that 
are  more  than  five  but  lefs  than  1 5''  afundcr ;  and  for  that  rca- 
fon,  if  they  fliould  be  ufed  for  obfervations  on  the  parallax  of 
the  fixed  ftars,  they  ought  not  to  be  looked  upon  as  quite  free 
from  the  effefts  of  refraftion,  &c.  In  the  fame  manner  that 
the  ftars  in  the  firft  and  fecond  clafles  Will  ferve  to  try  the 
goodnefs  of  the  moft  capital  inftruments,  thefe  will  afibrd  ob- 
jects for  telefcopes  of  inferior  power,  fuch  as  magnify  from  40 
to  1 00  times.  The  obferver  may  take  them  in  this  or  the  like 
order :  ^UrfcC  majoris,  y  Delphini,  y  Arietis,  w  Bootis,  y  Vir- 

^  See  the  meafures  of  the  diameter  of  »  hyvx.    Catalogue  of  double  ftars, 
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gin  is,  I  Caffiopcae,  ft  Cygni.  And  if  he  can  fee  all  thefe,  he 
may  pafs  over  into  the  fecond  clafs,  and  direft  his  inftrument 
to  fome  of  thofc  that  were  pointed  out  as  objefts  for  tlie  very 
beft  telefcopes,  where,  I  fuppofe,  he  will  foon  find  the  want  of 
fuperior  power. 

The  fourth,  fifth,  and  fixth  claffes  contain  double  ftars  that 
are  from  15  to  ^o'\  from  30'^  to  i\  and  from  i'  to  2'  or  more 
afunder.  Though  thefe  will  hardly  be  of  any  fervice  for  the 
purpofe  of  parallax,  I  thought  it  not  amifs  to  give  an  account 
of  fuch  as  I  have  obferved ;  they  may,  perhaps,  anfwer  ano- 
ther very  important  end,  which  alfo  requires  a  great  deal  of 
accuracy,  thougli  not  quite  lb  much  as  the  inveftigation  of  the 
parallax  of  the  fixed  ftars.  I  will  juft  mention  it,  though  fo- 
reign to  my  prefent  purpoic.  Several  ftars  of  the  firft  magni- 
tude have  already  been  obferved,  and  others  fufpe£led,  to  have 
a  proper  motion  of  their  own :  hence  we  may  furmife,  that 
our  fun,  with  all  its  planets  and  comets,  may  alfo  have  a 
motion  towards  fbme  particular  part  of  the  heavens,  on  account 
of  a  greater  quantity  of  matter  coUefted  in  a  number  of  ftars 
and  their  furrounding  planets  there  fituated,  which  may  per- 
haps occafion  a  gravitation  of  our  whole  Iblar  lyftem  towards 
it.  If  this  fiirmife  fhould  have  any  foundation,  it  will  fliew 
itfclf  in  a  feries  of  fome  years ;  as  from  that  motion  will  arife 
another  kind  of  hitherto  unknown  parallax  *,  the  inveftigation 
of  which  may  account  for  fome  part  of  the  motions  already 
obferved  in  fome  of  the  principal  ftars ;  and  for  the  purpofe  of 
determining  the  dire6lion  and  quantity  of  fuch  a  motion,  accu- 
rate obfervations  of  the  diftance  of  ftars  that  are  near  enough 
to  be  meafured  with  a  micrometer,  and  a  very  high  power  of 

♦  Sec  the  note  in  the  rev.  Mr.  Mitchell's  paper  on  the  Parallax  of  the  Fixed 
Stars,  Fhil.TraaC  vol.  LVII.  p.  252. 
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telefcopes  may  be  of  confiderable  ufe,  as  they  will  undoubtedly 
give  us  the  relative  places  of  thofe  ftars  to  a  much  greater  de- 
gree of  accuracy  than  they  can  be  had  by  traufit  inftruments  or 
lectors,  and  thereby  much  fooner  enable  us  to  difcover  any 
apparent  change  m  their  fituation  occafioned  by  this  new  kind 
of  fyftematical  parallax,  if  I  may  be  allowed  to  ufe  that  expref- 
fion,  for  fignifying  the  change  arifing  from  the  motioa^f  the 
whole  folar  fyftem. 

I  (hall  now  endeavour  to  deliver  a  theory  of  the  annual  pa« 
rallax  of  double  ftars,  with  the  method  of  computing  from 
thence  what  is  generally  called  the  parallax  of  the  fixed  ftars, 
or  of  fmgje  ftars  of  the  firft  magnitude,  fuch  as  are  neareft  to 
us.  It  may  be  obferved,  that  the  principles  upon  which  I  have 
founded  the  following  theory  are  of  fuch  a  nature,  that  they 
cannot  be  flri^ly  demonflrated,  in  confequence  of  which  they 
are  only  propofed  as  poftulata,  which  have  ib  great  a  probabi- 
lity in  their  favour,  that  they  will  hardly  be  objedled  to  by 
thofe  who  are  in  the  lead:  acquainted  with  the .  do£):rine  of 
chances. 


GEN  EH  A  L    P  O  S  T  U  LATA- 

.• 

1.  Let  the  ftars  be  fuppofed,  one  with  anotlier,  to  be  about 

the  fize  of  the  fun  *. 

2.  Let  the  difference  of  their  apparent -magnitudes  be  owing 
to  their  different  diftances,  fo  that  a  ftar  of  the  fecond,  third, 

*  See  Mr.  michell's  Inquiry  into  the  probable  Parallax  and  Magnitude  of 
the  Fixed  Stars,  Phil.  Tranf.  vol.  LVII.  p.  234.  ^36.  237.  240.  and  Dr.  hal- 
1.EY  on  the  Number,    Order,  and  Light,  of  the  Fixed  Stara.,    Phil.  Tranf. 
vol.  XXXI. 

or 
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or  Iburth  magmtude  is  two^  three,  or  four  times  as  far  off  as 
one  of  the  firft  *• 

In  fig*  7.  let  OE  be  the  .whole  diameter  of  the  earth's  an- 
nual orbit;  and  letrj,  ^,  c^  be  three  ftars  fitua^ed  in  thecclipr 
tlc^  in  luch  a  manner  that  they  may  be  fecn  all  in  one  line  Oaic^ 
when  thp  earth  is  at  O.  Let  the.  line  Oah  be  perpendicular 
to  OE,  and  draw  PE  parallel  to  cO.  Then,  if  Oa^  ab^  bc^ 
are  equal  to  each  other,  a  will  be  a  ftar  of  the  firft  magnitude^ 
I  of  the  fceond,  and  c  of  the  tljird.  L^t  us  now  fuppofe  the 
an^le  O^E,  or  parallax  of  the  whole  orbit  of  the  earthy  to  be 
i'^  of  a  degree ;  then  we  have  VEa  =  OaEzz  j". :  and,  becaufe 
very  fmall  angles,  havingthe  famefubtcnfe  QE,  may  betaken 
to  be  m  the  inverfe  ratio  of  the  lines  Oa^  03,  Oc,  &c.  we  fhall 
have  03E=i'^,  Ot:E=r-f^',  &c*+.     No^,  when  the  earth  is 

removed 

*  The  apparent  magattude  is  here  takea  ia  ti  &ridLcr(cnk  th%n  ifl^g^erallf^ 
vfed ;  and  by  it  is  rather  meant  the  order  into  which  the  ftars  ought  tp  ht  diftin* 
^uiihed  than  that  into  ivhich  they  art  cempnonly^ divided i  for  as  the  order  of  tho' 
magnitudes  is  here  to  denote  the  diflferent  relative  diftaaoes,  we  are  to  examine 
carefiilly  the  degree  of  light  each  ftar  is  accurately  found  to  have :'  aod.conftdering^' 
then  that  light  diminiflies  in  the  imrerfe  ratio  of  the  fqu3rer.of  the^diAances^  we^ 
ought  to  clafs  the  ftars  accordingly.     An  aHowaace  ought  aifo  perhaps  to  be  made 
for  fome  lofs  ^at  may  happen  to  the  light  of  Very  remote*  ftars  in  Its  pafHige 
through  immenfe  tracts  of  fpace,  moft  probably  Qot  <iui^^  deftittiteof  fame  vex3r. 
fubrle  medium*     This  eonjedure  is  fuggefted  to  us,  by  the  colour  of  the  YerjTi 
fmall  telefcopic  ftars,  for  I  have  generally  found  them  red»  or  inclining  to  red  ^^ 
which  feems  to  indicate^  that  the  more  feeble  and  refrangible  ray»  of  the  other 
colours  are  either  ftopped  by  the  way,  m:  at  leaft  diverted  from  their  courfir  hf^y 
accidental  defte£tions,  .  .:      ,    ,t 

t  This  proves  what  I  have  before  remarlced  on  the  parallax  of  y  Draconis;,  for^ 
that  ftar,  (admitting  it  to  be  a  ftar  of  between  the  fecond  and  third  xnagnitade,) 
ivhich  onght  to  be  afcertained  by  experiments,  as  menrioned  in  the  note  above)^ 
by  the  poftulata,  will  have  its  place  aligned  fomewhere  between  b.  aqd  (^^ 
and  therefore  its  parallax  will  be  between  i  a(id  -]•  of  tbc  parallax  of  a  ftar  of  t\^ 
firft  magnitude.     And  if  Dr.    buadley  thought  that  he  ftiould  have  TOrcnved  a 

"^OL.  LXXir,  P  paralx. 
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removed  to  E,  we  fliall  have  PE*  «=  EiO  ^  ^'^  and  Vlka  -  PH3 
=  ^E^=i'^;  that  is,  the  ftars  j,  ^,  vrill  appear  to  be  |'^  dijp^ 
tant.  We  alio  have  PE^  -  ErO  ==  4'^^  and  PE^/  -  PEf  =:  dEc 
=5  */'  J  that  is,  the  ftars  ^,  r,  will  appear  to  be  4:^'  diftant,  when, 
the  earth  is  at  E.  Now,  fince  we  have  ^EPrrf^^,  aild  cEl^ 
=  4-'^  therefore  ^EP-  rEP  =  ^r  rr  1''  -  :/'  =r  4^' ;  that  is,  the 
"ftars  bj  r,  wiH  appear  ta  be  only  ^^  removed  from  each  other,, 
when  the  earth  is  at  E. 

From  what  has  been  faid;  wfe  may  gather  the  following  ge- 
neral exprcffion,  to  denote  the  parallax  diat  will  become  vifible 
in  the  chahge  of  diftance  between  the  two  ftars,  by  the  re- 
moval of  the  earth  from  one  extreme  of  its  orbit  to  the  other*. 
Let  P  exprefs^the  total  parallax  of  a  fixed  ftar  of  the  firu  mag- 
nitudie,  M  the  magnitude' of- the  largeft  of  the  two  ftars,  /»  the 
magnitude  of  the  fmalleft*,  and  p  the  partial  parallax  to  be 
obfervcd  by  the  change  in  the  diftance  of  a  double  ftar;  then 

will/=:  -jjj^  P ;  and  p  being  found  by  obfervation  will  give 

US  P  =  ~^  •    An  example  or  two  will  explain  this  fufficiently* 

Suppofe  a  flar  of  the  firft  magnitude  (hould  have  a  fmall  ftar 
of  the  twelfth  magnitude  near  it ;,  then  will  the  partial  parallax 

parallax  in  y  Draconis  If  at  moft  it  had  amounted  to  j",  it  follow«».that  the  angle 
0<7  E  may  nearly  amount  to  4  or  5''  for  any  thing  we  can  conclude  to  the  contrary 
firom  thofe  obfcrvations. 

*  As  M  and  m  are  here  taken  to  exprefs  the  relative  diftances  of  the  ftari,  in 
ittcafnres  whertbf  the  diftance  of  the  ncarcft  fiar  is  taken  at  unity,  thofe  who 
think  the  poftulata  on  which  thcfc  cflimations  are  built  cannot  be  granted,  may 
iHU  uTc  the  following  formulse,  if  inftead  of  the  magnitudes  M,  jw,  they  put  their 
own  eftimations  of  the  relative  diftances  of  the  ftars,  according  to  any  other 
iftcthod  whatever  they  may  think  it  moft  eligible  to  adopt ;  for  the  apparent  magni- 
tude  of  ftars  is  here  only  propofed  as  the  moft  probable  means  wc  have  of  fbrmiog 
any  conjeaures  about  their  relative  diftances. 

7  wc 
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tve  are  to  c:xpe<$  to  ice  be  --^  Pr  <^t*  ^t^^s  o^  the  total  paral- 
lax of  a  fixed  ftar  of  the  firft  magnitude ;  and  if  \ve  fhould, 
by  obfervation,  find  the  partial  parallax  between  two  fuch 
ilars  to  amauat  to  i^',  we  (hall  hafv^  the  totnl  parallax  Prr 

^^    ^    :^  I'^d^oj.    If  the  ftars^are  of  the  third  and  twenty^ 

fourth  magnitude,  the  partial  parallax  will  be  — j-^rr  —  P;  and 
if,  by  obfervation,  p  is  found  to  be  a  tdnth  of  a  feccnd,  the 
whole  parallax  will  come  out  ^ — ^-_  r:o'^342S• 

It  will  be  neceffary  to  examine  fbme  different  fituations. 
Suppofe  the  ftars,  being  ftill  in  the  ecliptic,  to  appear  in  one 
line,  when  the  earth  is  in  any  other  part  of  its  orbit  between 
O  and  E  ;  then  will  the  parallax  ftill  be  expf  efled  by  the  fame 
algebraic  form,  and  one  of  the  maxima  will  ftill  lie  at  O,  the 
other  at  E ;  but  the  whole  effeft  will  be  divided  into  two  parts, 
ivhich  will  be  in  proportion  to  each  other  as  radius  -  line  to 
radius -f  fine  of  the  flars  difbiuce  from  the'neareft  conjunction 
or  oppofition. 

When  the  ftars  arc  any  where  out  of  the  edlpftic  filiated  fo 
as  to  appear  in  one  line  Oabc  at  redlangles  to-OE,  the  maxi- 

mum  of  parallax  will  fUU  be  expreflcd  hy  -jjr-  P  ;    bjiC  therti) 

will  arife  another  additional  parallax  in  the  conrjuftion  and  op- ' 
pofidon,  which  will  be  to  that  which  is  found  90*"  before  or 
after  the  fun,  as  the  fine  (S)  of  the  latitude  of  the  ftars  feen  at 
O  is  to  radius  (R)  ;  Mid  the  cfied  of  this  parallto  wijl  *e  di* , 
vided  into  two  parts ;  half  of  it  lying  on  one  fide  of  the  large^ 
ftar,  the  other  half  on  the  other  fide  of  it.    This  latter  paral- 
laZt  moreover^  will  be  compounded  with  the  former^  fo  that ' 

Pa  chc 
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the  diftance  oC  the  flars  in  the  conjunaion  and  pppofition  wiU 
then  be  reprefented  by  the  diagonal  of  a  parallelogram,  whereof 
the  two  femi-paralla^es  are  the  fides ;  a  general  expreffion  -for 

which  will  be  v"^ 7.    pl  x  77^7+  i  -  ^^^  the  ftars  will  appa* 

reiitly  defcribfe  twa  ellipfes  in  the  heavens,  wbofe  tranfverfe- 
axes  will  be  .to  each  other  in  the  ratio  of  M  to  w  (fig'.  8.)>  ^nd 

—     »    -  •  »  »  vox 

A^,  B^,  Ccj  Dd,  will  be  cotemporary  frtuations.  Now,  if 
^Q;be  drawn  parallel  to  AC,  and. the  parallelogram  ^yBQ^om- 
pleated,,  we  (hall  have  iQ=  iC A r- ica  =:  iCc=:  ip^  or  femir 
parallax  90°  before  or  after  die  fun^  and.B^  may  be  refolved 
into,  or  is  compoundfed  of,  ^Qjind  ^y  ;  but  iq=:  JBD—  i^//=: 
the  femi-paralfax  in  the  conjiindtion  or  oppofition..    We  alio 

have  R  :  S  ::bQ  :  &q,=:^^i  tlierefore  the  diftance  B6  (orDij  = 
yjt\  +^^|  ;  and  by  fubftituting  the  value  of  ^  into  this  ex- 

preffion  we  obtain  \j!!L^p\  x  —  +  i,  as,  above.  When  the 
ftars  are  in  the  pole  of  the  ecliptic,  6q  will  become  equal  to^ 
iQy  and  B6  will  be  .7071  P^^^  . 

Hitherto  we  Have  fuppofed  the  ftars  to  be  all  in  one  line 
Oatii  kt  them  now  be  ab  fome  diftance,  fuppofe  5^^  from 
c^h  other,  and  let  t)[iem  firft,  be  both  in  the  ecliptic.  This 
cafe  is  refolvablc  into  the  firft;  for  imagine  the.ftara,  fig,  9. 
to  ftand  zt  Xy  and  in  that  fituation  the  ftars  x^  b^  r„  will  be  in 

one  line^   an4  their  paralhix  exprefled  by  -r^ —  P.     But  the 

aiigle  a^x  hiay  be  taken  to  be  equal  to  aOx  \  and  as  the  fore- 
goii>g  form  gives  us  the  angles  *E^,  *Ec,  we  are  to  add  tfEx-, 
or5"ta*E*,  aiid  we  (haU  have  <?E^.    In  general,  let  the  dif^ 

» 
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tancc  orthe  ftars  le  J^  and  let  the  obferved  diftance  at  E  be  D ; 
then  will  D  =  //+/,  and  therefore  the  whole  parallax  of  the 

annual  orbit  will  be  expreffed  by —^ —  =^P. 

•  *  > 

Sbppofe  the  two  ftars  now  to  differ  only  in  latitude,  one' 
being  in  the  ecliptic,  the  other,  for  inftance,  5''  north,  when 
feen  at  O,  This  cafe  may  alfo  be  refolved  by  the  former ;  for 
ima^ne  the  ftars  ^,  r,  fig.  7.  to  be  elevated  at  ?:e£langles  above 
the  plane  of  the  figure,  fo  that  a06j  or  aO'c^  may  make  an 
angle  of  5''  at  O:  then,  inftead  of  the  lines 'O^^c,  E^,  E^,. 
Ec,  EP,  imagine  them  all  to  be  planes'  at'  redangles  to  the 
figure ;  and  it  will  appear,  that  the  parallax  of  the  ftars  iu- 
lon^tude  muft  be  the  fame  .as  if  the  fmall  ftar  had  b^n  with- 
out ratx'tude.  And  fince  the  ftars^,  c,  by  the  motion  of  the, 
earth  from  Q  to  E,  will  not  change  their  latitude^  we  ftiall  have 
the  following  conftru£tion  for  finding  the  diftance  of  the  ftars* 
ahy  ac^  at  E,  and  from  thence  the  parallax  P.  .Let  the  tri- 
angle ah^i  fig,  10.  reprefent  the  fituation  of  the  ftars ;  ab  is  the 
fubtenfe  of  5"^, that  being  the  angle  under  which  they  are 
fuppofed  to  be  feea  at  O.     The  cjuantity  3/3  by  the  former 

theorem  is  found. -^- P,  which  is  the  partial  parallax  that. 

would  have  been  feen  by  the  earth'&  moving  from  O  to  E,  had' 
both  ftars  been  in  thle  ecliptic  j  but  oh^account  of  the  difference' 
in  latitude  it  will  now  be  reprefented-by  tfjS,  the  hypothenufe 
of  the  triangle  ^/J:  therefore,  in  general,  putting  i»3  = «/,  and* 

tfiS=D,wehave ^>f — ^  =  P,     Jkence  D  being  taken  by 

obfervation  and  ^,/M,  and  i»,  given,    We  obtain   the   total, 
parallax. - 

If  the  fituation  of  the  ftai^s  differs  in  longitude  as  well  as « 
latitude,  we  may  refolve  this  cafe  by  the  following  method* 

Let. 


Let  t\\^  triartgle  atp^  fi^g.  ii,  reprefent  th|c  fit^^aitipn^f  th^ 
ftars,  ab^J  being  their  diftauc?  feeii  at  O,.  afl^D  their  dif- 
tauce  fcen  at  E.     That  the  change  ifi  which  is  produced  by 

the  earth's  motion  will  be  truly  exprefled  by  -j^  P,  may  be 

proved  as  before,  by  fuppofuig  the  ftar  a  to  have  been  placed 
at  0^.  Now  let  the  angle  of  pofition  if  ace  be  taken  by  a  micro- 
meter *,  or  by  any  other  method  that  may  be  thought  fuffi-i 
ciently  exaft ;  tlieu,  by  folving  the  trianglfe  aioj  we  (hall  have 
the  longitudinal  and  latitudinal  differences  aa.  and  ba  of  the 
two  ftars.     Put  tf«  =  x,  bx^y^   and   it  will  be  *  +  ^)3  =  tff, 

> ^^  

whence  D=  ^^x  ^-^^j^  P)  ^yy  i  and^^ ^^^^j =  P. 

If  neither  of  the  ftars  (hould  be  in  the  ecliptic,  nor  have  the 
fame  longitude  or  latitude,  the  laft  theorem  will  ftill  ferve  to 
calculate  the  total  parallax  whofe  maximum  will  lie  in  E. 
There  will,,  moreover,  arife  another  parallax,  whofe  maximum 
will  be  in  the  conjunftion  and  oppofition,  which  will  be  di- 
vided, and  lie  on  deferent  fides  of  the  large  ftar;  but  as  we 
know  the  whole  parallax  to  be  exceedingly  fmall,  it  will  not  be 
neceffary  to  inveftigate  every  particular  cafe  of  this  kiiid ;  for, 
by  reafon  of  the  divifion  of  the  parallax,  which  renders  obfer- 
yation?  taken  at  any  other  time,  except  wheije  it  is  greateft, 
very  unfavourable^  the  fo^ms  would  be  of  lit;tle  ufe. 

Tofinifli  this  theory,  I  ihall  only  add  i|  general  obfervation 
on  the  time  and  place  where  the  i94xin9ia  of  parallax  will 
happen. 

*  The  pofition  of  a  line  paffing  through  the  two  itars,  with  ^he  parallel  of 
declinatioa  of  the  largeft  oP  them,  may  be  had  by  the  micrometer  I  invented  for 
this  purpofe  in  the  year  1779^  of  whieh  a  defcription  baa  been  given  in  a  former 
paper ;  whence,  by  fpherical  trigonometry,  we  eafily  deduce  their  pofition  iam  fig. 
X  !•  with  regard  to  the  ecly>ttc« 

When 
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When  two  unequal  ftars  are  both  in  the  ecliptic,  or,  not 
being  in  the  ecliptic;  have  equal  latitudes,  north  or  fouth,  and 
thekrgeft  ftar  has  moft  lon^tude,  the  maximum  of  the  appa- 
rent diftaoce  will  be  yihaa  xh^  ibn^s  longitude  is  90**  moi« 
than  the  ftars,  or  when  obferved  in  the  morning ;  and  the  mi- 
nimum when  the  longitude  of  the  fun  is  90°  lefs  than  that  of 
the  ftar,  or  when  obferredin:the  evening. 

When  the  fmall  ftar  has  moft  longitude,  the  maximum  and 
minimum,  as  well  as  the  time  of  oblervation,  will  be  the 
reverfe  of  the  former. 

When  the  flars  di^r  in  latitudes,  thi&makes  no  alteration  in 
the  place  of  the  maKimum  or  minlmun^  nor  ip  t|ie  fime  of 
obfervation  ;  fihatistofay,  it  is  imma^^fial. whether  tbelargdt 
ilar  hat  the  leafi  or  the  moft  latitude  ^  the  two  ^acs. 
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I  N'T  RODUCTORY     REM  ARK  S^ 

•  •  •  •  • 

THE  following  catalogue  contains  not  only  double-ftars, 
but  alfo  thofe  that  are  treble,  double-double,  quadruple, 
deuble-treble,  and  rilultiple.  The  particulars  I  have  given  of 
them  are  comprehended  under  the  following  general  lieads;* 

I.  The  names  of  the  ftars  and  number  in  flamstead*s 
Catalogue ;  or,  if  not  contained  therein,  fuch  a  defcription  of 
their  fituation  as  will  be  found  fufficient  to  point  them  out. 

n.  The  comparative  fize  of  the  ftars.  On  this  occafion  I 
have  irfed  the  terms  equal,  a  little  unequal,  pretty  unequal, 
confiderably  unequal,  very  unequal,  extremely  unequal,  and 
cxccffively  unequal,  ,as  expreffing  the  difi^rent  gradations  to 
which  I  have  endeavoured  to  affix  always  the  "fame  meaning. 

III.  The  colours  of.  the  ftars  as  they  appeared  to  me  when  I 
viewed  them.  Here  I  muft  remark,  that  different  eyes  may  per* 
haps  differ  a  little  in  their  eftimations.  I  have,  /or  inftance,  found, 
that  the  little  ftar  which  is  near  a  Hejculig,  by  fome  to  whona 
I  have  (hewn  it  has  been  called  green,  and  by  others  blue.  Nor 
will  this  appear  extraordinary  when  we  recoUeft  that  there  are 
blues  and  greens  which  are  very  often,  particularly  by  candle- 
light, miftaken  for  each  other.     The  fituation  will  alfo  affefl 

the 
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the  colour  a  little,  making  a  white  ftar  appear  pale  red  when 
the  altitude  is  not  fufiicient  to  clear  it  of  the  vapoury.  It  i^ 
difficult  to  fiiid  a  criterion  of  the  colours  of  ftars,  though  I 
might  in  general  obferve  that  Aldebaran  appears  red,  Lyra 
white,  and  fo  on ;  but  when  I  call  the  ftars  garnet,  red,  pale 
red,  pale  rofe-colour,  white  inclining  to  red,  white,  white 
inclining  to  blue,  blueiih  white,  blue,  greenifh,  green,  duiky, 
I  wifli  rather  to  refer  to  the  double  ftars  themfelves  to  explaia 
what  is  meant  by  thoie  terms. 

IV.  The  xliftances  of  the  ftars  are  given  feveral  different 
ways.  Thofe  that  are  eftimated  by  the  diameter  can  hal^ly  be 
liable  to  an  error  of  fb  much  as  one  quarter  of  a  fecond ;  but 
here  Qiuft  be. remembered  what  I  have  before  remarked  on  the 
comparative  appearance  of  the  diameters  of  ftars  in  difierent  in« 
ftriupents.  Thofe  that  are  meafured  by  the  micrometser,  1  fear, 
may  be  liable  to  an  error  of  ajbnoft  a  whole  fecond ;  and  if  iu>t 
meafured  i^th  the  utmoft  care,  to  near  ^'\  This  is,  however, 
to  be  underftood  only  of  iing^e  meafures ;  for  the  diftance  of 
many  of  them  that  have  been  meafured  very  often  in  the  courfe 
of  two  years  obfervations  can  hardly  differ  fb  much  as  half  a 
fecond  from  truth,  when  a  proper  mean  of  all  the  meafures  is 
taken.  As  I  always  make  the  wires  of  my  micrometer  outward 
taogents  to  the  apparent  diameter  of  tlie  ftars,  all  ttie  mea- 
fures muft  be  underftood  to  include  both  their  diameters ;  {o 
that  we  are  to  dedu£t  the  two  femi- diameters  of  the  ftars  if  we 
ivould  have  the  diftance  of  their  centers.  What  I  have  faid  con- 
cerns only  the  wire  micrometers,  for  my  laft  new  micrometer 
is  of  a  fuch  a  conftru£tion,  that  it  immediately  gives  the  diftance 
of  the  centers  and  its  meafures  (as  far  as  in  a  few  months  Ihave 
been  able  to  find  out)  may  be  relied  on  to  about  one- tenth  of  a 
fecond,  when  a  mean  of  three  obfervations  is  taken.  When  I  have 
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added  inaccurate ^  we  may  fufpeft  an  error  of  3  or  4^'.  ExaSlIy 
eftimated  may  be  taken  to  be  true  to  about  one- eighth  part  of 
the  whole  diftance;  but  only  eflimated^  or  about^  &c.  is  in 
ibme  refpeft  quite  undetermined ;  for  it  is  hardly  to  be  con- 
ceived how  little  we  are  able  to  judge  of  diftances  when,  by 
conftantly  changing  the  powers  of  the  inftrument,  we  are  as  it 
were  left  without  any  guide  at  all,  I  (hould  not  forget  to  add, 
that  the  meafure  of  ftars,  whereof  one  is  extremely  fmall, 
muft  claim  a  greater  indulgence  than  the  reft  on  account  of 
the  difficulty  of  feeing  the  wires  when  the  field  of  view  cannot 
be  fufficiently  enlightened. 

V.  The  angle  of  pofition  of  the  ftars  I  have  only  given  with 
regard  to  the  parallel  of  declination,  to  be  reduced  to  that  with 
the  ecliptic  as  occafion  may  require.    The  meafures  always  fup- 
*pofe  the  large  ftar  to  be  the  ftandard,  and  the  (ituation  of  the 
fmall  one  is  defcribed  accordingly.     Thus  in  fi^gure  1 2.  AB  re- 
prefents  the  apparent  diurnal  motion  of  a  ftar  in  the  direftion 
of  the  parellel  of  declination  AB ;  and  the  fmall  ftar  is  faid  to  be 
ibuth  preceding  at  mn^  north  preceding  at  op^  fouth  following 
•at  qr^    and  north    following   at  st.     The   meafiirc   of  thefe 
angles,  I  believe,  may  be  relied  upon  to  z^  or  at  moft  3°,  ex- 
cept vjrhen  mentioned  inaccurate,  where  an  error  amounting  to 
5°  may  poffibly  take  place.     In  mere  eftimations  of  the  angle, 
'without  any  wires  at  all,  an  error  may  amount  to  at  leaft  lo"", 
when  the  ftars  are  near  each  other. 

VI.  The  dates  when  I  firft  perceived  the  ftars  to  be  double, 
treble,  &c.  are  marked  in  the  margin  of  each  ftar. 

To  fhorten  the  work  as  much  as  poffible,  1  have  put  L.  for 
the  large  ftar ;  S.  for  the  fmall  ftar ;  w.  for  white ;  r.  for  red  ; 
d.  for  duiky ;  n.  for  north ;  f.  for  fouth ;  and  have  likewife 

Qcca* 
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occafionally  ufed  other  abbreviations  that  will  be  eaiily  under* 
flood. 

It  may  be  ieen,  that  this  catalogue  is  yet  in  a  veiy  imper* 
fe£t  ftate,  many  of  the  ftars  not  having  even  the  principal 
dements  of  diftance  and  pofition  determined  with  any  degree 
of  accuracy ;  but  having  already  mentioned  the  reafbn  why  I 
give  it  imperfeA  as  it  is^  I  can  only  add  that  my  endeavours 
will  not  be  wanting  fbon  to  remove  thofe  defeats.  However^ 
fince  this  can  only  be  a  work  of  fome  time,  we  may  hope^'in 
the  mean  while,  that  many  lovers  of  the  fcience  will  turn 

^ir  thoughts  upon  the  fame  fubjed. 


CATALOGUE  OF  DOUBLE  STARS. 

FIRST     CLASS. 

I.  «  Bootis.  FLAMST.  36.     Ad  dextrum  femur  in  perizomate. 
Sept.  9.  Double.     Very  unequal.     L.  reddifh ;   S.  blue,  or 

I779*  rather  a  faint  lilac.  A  very  beautiful  objeft.  The 
vacancy,  or  black  divifion  between  them,  with  227 
is  I  diameter  of  S. ;  with  460,  1 1  diameter  of  L. ; 
with  932,  near  2  diameters  of  L. ;  with  1 159,  ftill 
farther;  with  2010 (extremely diftinft)  z\  diameters 
of  L.  Thefe  quantities  are  a  mean  of  two  years  ob- 
fervation.  Pofition  31°  34'  n.  preceding, 
X.  £  Urfe  majoris.  fl.  53.  In  dextro  pofteriore  pede. 
May  2,  Double.     A  little  unequal.     Both  w.  and   very 

^^^•  bright.  The  interval  with  222  is  4  diameter  of  L. ; 
with  227,  I  diameter  of  L. ;  with  278,  near  if  dia- 
meter of  L.    Pofition  53°  47'  f,  following. 

0^2  3.  0-  Coronae 
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3.  tr  Gororrafe  bofealii^  ^L.  1 7. 

Aug. 7,  Treble.  The  two  neareft  pretty  unequal;  tke 
t-fto.  third  very  faint  with  pdwersi  loiwtfr  than  460*  The 
twd  neareft  both  vir.;  the  third  d»  {ntervai  of  the 
two  ndareft  with  ^27,  AiB  i4  diaflirtetf  of  Lw  j  witfe 
460,  2  diameters  of  L.  Pofition  yf  ^t*  lu  pre* 
ceding.  Diftance  of  the  third  from  L.  24^^  by  exadr 
eflimation.    P(^tion  lif  n^  following  by  eftinftatic»« 

4.  In  couftelhtione. DraconiS)  fl.  i6. 

Aug.  8,  Double.     It  is  the  ilar  to  which  a  line  dniwfi  ^om 

.    1780.      y  through  /A  points,  at  nearly  the  fame  diftsnce  ffooi 

|L6  as  /«  from  v.  Confiderably  unequal.  L.  w. ;  S.  w. 
inclining  to  r.  With  222,  i  diameter  of  L.;  with 
278,  I  i  diameter  of  L.  Pofition  24^  o^  f.  following. 
There  is  a  third  ftar,  at  Ibme  diftance,  preceding. 

5.  cr  Cafliopese,  fl.  %m     In  dextro  cubita 

Aug.  31,         Double.     It  is  the  ftar  at  the  vertex  of  a  telefcopic 

x;^.       ifofceles  triangle  turned  to  the  fouth.    Very  tinequal. 

L.  w.  a  little  inclining  to  r. ;  S.  d.     Wkh  222,  near 

I    diameter  of  L. ;  with   460,  j  \    diameter  of  L. 

Pofition  60"*  28'  n.  preceding. 

6.  Qu*  infra  oculum  Lyhcis,  fl4  12. 

oa.  3,  A  curious  treble  ftar.     Two  neareft  pretty  unequal. 

1780.  L.  w. ;  S.  w.  inclming  to  role  colour.  With  227, 
about  \  diameter ;  with  460,  full  J  diameter  of  S. 
Pofition  8&°  Yl'  ^*  preceding.  The  firft  and  third 
confiderably  unequal;  fecond  and  third  pretty  xin* 
equal.  The  third  pale  r.  Diftance  from  the  firft 
9"  10^" ;  too  difficult  to  be  extremely  exa£t.  Pofitiock 
with  regard  to  the  firft  32*^  '^^  n.  preceding. 

1%  h  Draconis^ 
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7.  b  Draeonis,  fx*.  39.    Tri«a».  uj  refta^  ia  piiiBft  infle£lione 

Oa..  3.         A  miaiits  <JouWe  ftar%    EitrQaaely  \wwqual,   the 

I799-     fm^  ftat  being  a  £i&e  luckl  p(»a?»    JL^  w. ;  S.  in- 

.    ciAmng  to  jr.    With  az7t  jcldiaeMtor  ^  L. ;  with 

4^,  full  if  diametw  oi\Mi  wkJb  932  (extremely 

fine)  full  2  diameters  pC  L.    Pofition  77^  8'  n.  folt 

k)wing«     A  third  ftar  aX  £)me  diibACe;    dufty  r. 

f^Qiition  63*"  a  2^  Bu  fbUoWing. 

S.  f  Dca€aiU9»  Fi4.i63;^    In  qimdrilatkro  iaflbiuQms  primas. 

Oa.  3,  A  very  minute  double  ftan     Exeeflively  unequal ; 

i}8o«      the  fmall.  ftar  cao  only  be  icen  when  the  air  k  per- 

fedly  dean.  L*  w. ;  S.  .d.     With  2^7,  l&fs  than  i 

diamfiter  of  JLa  wkh  278,  ,iMt  a  diameter  of  L. 

Pofition  63""  I V  n.  ptccediug*    A  pretty  large  third 

.  ^r  at  about  3  or  V*    Pcfition  of  this  third  ftar  with  f 

B8f  i 6' n.  billowing. 

9.  Ii^  Cauda  Lyncia  mcdia^  fx.,  38. 

Noir.24.        Double.  .  Very  unequal*    !#•  w- ;  S.  inclining  to 
138a.      r.    With  227^  extremely  clpfe;  with  460,  at^leaft 
i  diameter  of  S.    A  very  fine  objeft.    Pofition  25°  51' 
f.  preceding.    A  proper  motion  ia  fufpe^ied  in  one  of; 
the  ftars. 

10.  In  finiibro  anteriore pede  Monocerotisy  vh.  ii. 

Feb.  15.  A  curious  treble  ftar;.may  appear  double  atfirft 
i78<.  fight ;.  but  with  ibme  attention  we  fee  that  one  of. 
themagain  is  double.  Theiirft,  or  fingleftar,  is  the 
largeft ;  the  other  two  are  both  fmaller,  and  almoft 
equal,  but  the  preceding  of  them  is  rather  larger 
than  the  following.  They  are  all  w.  The  two 
BeaDeft  with  2^17,  i   diameter  of  the  preceding,  or 

nearly ,- 
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nearly  i  i  of  the  following ;  with  460, 1 J  diameter  of 
the  preceding.  Pofition  of  the  two  neareft  1 1**  32^  f. 
following.  For  an  account  of  the  fingle  ftar,  fee 
the  fecond  clais.  As  perfed  as  1  have  ieen  this  treble 
ftar  with  460^  it  t$  one  of  the  moft  beautiful  fights 
in  the  heathens ;  but  requires  a  very  fine  evening. 

I X .  In  conflellatione  Cancri,  fl.  i  i  • 

Mar.  1 3,  '  Double.  Confiderably  unequal.  Both  pale  r. 
1781.  With  227,  I  full  diameter  of  L»;  with  460,  about 
I J  diameter  of  L.    Pofition  85°  la'  n.  preceding. 

X2.  ^Serpentis,  fl.  59.     In  Cauda* 

July  17,  Double.  Very  unequal.  L.  reddifli  w. ;  S.  fine 
1781.  blue.  With  227,  I  full  diameter  of  L.;  with  278, 
14.  diameter  of  Lr    Pofition  44°  33^  »•  preceding. 

13.  In  conflellatione  Aquilae,  near  fl.  37. 

July  25,  A  curious  treble  flar.  It  is^  the  laft  flar  of  a  tele- 
1781.  fcopic  trifolium  n.  following  k^  fimilar  to  that  in  the 
h^nd  of  Aquarius.  *  The  two  nearefl  very  unequal  f 
the  third  flar  excefiively  fmall,  and  not  vifible  with 
227.  The  two  nearefl  with  460^  no  more  than  \ 
diameter  of  L. ;  the  farthefl  about  7  or  8^^ 

14.  In  conflellatione  Aquilae,  fl.  24. 

July  30,  Double.  In  Harrises  maps  it  is  the  Aar  in  the 
»78i.  elbow  of  Antinous.  Excelfively  unequal ;  the  fmall 
flar  is  but  jufl  vifible  with  227  ;  but  with  460  it  is 
pretty  flrong.  L.  pale  r. ;  S.  d.  With  217,  i  full 
diameter  of  L. ;  with  460,  i  i  diameter  of  L.  Pofi- 
tion 72*"  o'  f.  following. 

15.  iBootis,  FL.  44. 

Au?.i7«        Double.     In  Harris's  maps  it  is  marked/,  but  has 
1781*      no  letter  in  FL»  Atlas.     Cgnfiderably  unequal.     Both 
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w.  With  227  they  feemiimoft  to  touch,  or  at  moft 
'  I  diameter  of  S.  afunder;  with  460,  f  or  |  diameter 
of  S.  This  is  a  fine  objedl  to  try  a  telefcope,  and  a 
miniature  o(  a  Gemlnorum.  Pofitioa  29°  54'  n» 
following. 

16.  9  Coronas  borealis,  fl.  2. 

Sept.  9.  Double.  A  little  unequal.  They  are  whitifli  ftars. 
1781.  They  feemi  in  contafl:  with  227,  and  though  I  can 
fee  them  with  this  power,  I  (hould  certainly  not 
have  difcovered  .them  with  it  i  with  460,  lefs  than 
J  diameter ;  with  932,  fairly  feparated,  and  the  in- 
terval a  little  larger  than  with  460.  I  faw  them  alfo 
with  2010,  but  they  are  fo  clofe  that  this  power  is 
too  much  for  them,  at  leaft  when  the  altitude  of 
•  the  ftars  is  not  very  confiderable ;  with  460  they  are 
as  fine  a  miniature  of  /  Bootis  as  that  is  of  a  Geml- 
norum.    Pofition  59*  19'  n.  following. 

17.  In  conftellatione  Bootis,  near  fl  51. 

Scpt.10.  Double.  It  is  a  ftar  near  [a  riot  marked  in  flaat- 
1781.  stead's  Catalogue.  Confiderably  unequal.  Both 
duflcy  w.  inclined  to  r.  The  interval  with  460  is 
i  diameter  of  S.  Th?  pofition  of  the  fftiall  ftar  is 
turned  towards  y,  a  Kttle  following  the  line  which, 
joins  L  to  |x  Bootis^     See  f^  Bootis  in  the  filcth  clafs. 

18.  In  conftellatione  Coronae  borealis. 

Sept.  10.         Double.     It  is  the  fmalleft  of  two  telefcopic  ftarg 
1781.      between  &  and  ^,  not  contained  in  fl.  .Cat.     Equal.. 
Both  d.    With  460,  about  1 1  diameters.    PoiitW 
21®  o'  n.  following. 
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19.  i&  Draconis,  near  fl.  19. 

Sept.  lo.  .  Oiie  of  the  moft  minute  of  all-  the  double  ftars  I 
1 78 1.  have  hitherto  found.  It  is  the  fmall  telefcopic  ftar 
near  the  preceding  h  Draconis.  Con^derably  unequal. 
Both  dulky  w.  inclining  to  r.  With  460,  they  feem 
in  contaft ;  I  have  however  had  a  very  good  view  of 
a  fmall  dark  divifion  between  them.  Poiition  (by 
exaft  eftimation)  .25  or  30''  f,  preceding.  Thq^  are 
too  minute  for  any  micrometer  I  have.  It  is  in  vain 
to  look'  jR)r  (h»n  if  every  circumftance  is  not  fa- 
vourable. The  obferver  as  well^as  the  infirument 
.  muft  have  been  long  enough  out  in  the  open  air  to 
acquire  the  fame:  temperature.  In  very  cold  weather, 
an  hour  at  leaft  'will  be  required,;  but  in  a  moderate 
temperature,  half  an  hour  will  be  fufficieat.^ 

20.  In  dextro  humero  Orionis,  fl.  52. 

Oa.  X.  Double.     A  little  unequal.    Both  w.  ;a  little  in- 

1781.      dining  to  pale  r.     With    227,  J    diameter;   with 
4669  i  diameter.    Pofition  69""  41'  f.  preceding. 

21.  c  Trianguli,  near  fl.  ia.  and  13. 

oa.  8.         Double.    It  is  the  moft  north  of  a  ixnaU  telefcopic 
178 1,      trapezium  of  unequal   ftars.      Extremely  unequal. 
With  460,  I  diatoeter  of  L.    Pofition  (by  eftima* 
tion)  55  or  60"^  n.  preceding. 

22.  n  Orionis,  fl.  33.    puarumpraecedentium  f3*»  (m)  ante* 

cedens. 

Oa.a2.        Double.    ConfideraUy  unequal.     L.  w. ;  S.  -w. ; 

1781.      indbing  to  blue.. .  With  227,.thej  feem  almoft  in 

contadl;    with   460,    i    diameter  of   S.      Poiition 

60"^  55^  n.  following.     A  very  pleafing  objedt  and 

eafily  feen. 

4  23-  In 
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23.  In  pofterioribus  femorit>us  Cams  hiinons. 
N0V.2 1,         A  moft  minute  double  flan     It  is  the  fmall  tele<* 

^78'«       fcopic  ftar  following  Procyon.  A  little  unequal.  Both 

'  '    •  •  •         • 

w*  With' 278,  If  of  a  diameter  of  S. ;  Mnth  460, 
.  near  *  of  a  diameter  of  S.  Thw  are  clofer  than  ly 
Cprohae^  Kicaxilfe  their  diametfers^  by  which  they  are 
^pftimated,  are/imatleF/  l^olition  27"*  zi^  f.^foUowihg. 
To* fee'  this  Very  tfiihiitd' double  ftar  well,  Procyon 
'-'^^  be  nea?  it! 'MeVididn 'altitude/  'iniere  is  a  fmaU 


.¥.  .    .... 

.  jirofcai,        A'lhdft  miniite  trMe  ^^    It- will  at  firft  fight 

«  7 0 1 .     •  *5bear.  as  only  a '  dotibltf  frir,  but  *  with  proper  atten* 

''  ^.J 'tlou,  an2i'unaer'fevo\irabld  rlrcnto  the  pre* 

cedlrig  of  them  will  bfe  found  to  confift  of  two  ftars,  , 

•which  'iare  confide^ibly  tindquaL     Thcf  largeft   of 

thefe  is  larger  than  the  (ingle  ftar ;  and  the  leaft  of 

the  two  is  left  than  the  iin^e  ihr.    The  firfl  and 

iecond  (m  the  order  of  magnitude)  pretty  tiacquaL 

irhe  fecond  '  and  third-  pretty  micqual.     The  ^  two 

iieareft  both  pale  r.  cJrr.     WilJi'278,  but  juft  fepa- 

,  grated ;  with  460,  I  diameter  of  S.     Pofition  86''  32' 

ii,  following'.    For  meaforeg  relating,  to  the  third 

or  inigTe  ftar  fee  ^Cancii  in' the  third'ckfs^f  double 

ilars/    '  ^   •    ^ 


• 
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x^  f.  OS  Gemiaorutn,  FX.  66*    Iivcapite  priecedenns  IP. 

April  8,        Double..  AUuiew^cpial.    BotKw.  Thevaeanc/ 
x77B»      between  tke  two  ftar^  ^ith  a  power  of  146,  is  x 
diameter  o£  S.;.  with  22!^  a  little  more^chaa.  i  dia<^ 
xxieier.of.X;#. ;  with  227^  li  diameter  of  S.r^  with' 
460,  near  2  dian^eters  of  L<  i  (fi»  %^6.)  widi  >754i  z 
diameters  of  L. ;  widi  932^  fult  2  ^atncteca  of  L«; 
with  1 5^6  (vcfj  ficie  and  diftmd}^  3  diametera  of U. ; 
'  with'  31JS81  th^  intorval  extremelj  large^.  'and  (GUi 
pjretty  diflin£t..    IXftancc  by  the  Jinidromcter  5'\is^^ 
Poiition  32^  47^  n«precedin|^<.  Thele  are  all  a  meaiv 
^  of  the  laft  two  f*9^9  obferyation$9  except  the  firft 
with  146^ 

9»  f * «  Herctilisi  FLk.64*    In  capiie.-. 

A\%.29, .  A  beautiful  doqble  ftar.  Verf  imeq|iaL; .  L.  r. ;:: 
>779*  S.  blue,  inclining  to^een;  the  coloura  with  every 
ppwer  the  fame.  The  interval  with  22 2^  M  diamci<' 
ter of  L.;, with .227^  above  2  diameters  ofil^v; with > 
932,above3.diameter$of  L.  Difiance  4^'9^« .  All' 
a  mean  .of/  two  years^  obfervatiiaiks.  A  iing^  mo4iufe 
with  my  laft  new  micromet^r^  from  center. tOi^^oenterf 
4-' 34^''-    lofitibn  30^  35' £-ibll0wing, 

3.  ^  f  Htrculii)  vtL.  75«    Tfinm  in  ikiiftiolemoce^  terthu 

Aug.a9,       Dtnbkir    Pivtcy  wieq|i aL    Both  vn:   W&th  227-9. 
^779*      ti   tJumitfer  of  L. ; .  wilE  4i6b;.  2?  diametera*  of:  & 
^iftance:  2^*^996 j^    Bofition  3a^  zn^'ni  precedingib 
The  meafiuca  a  ineaaof :  two  years  obiervations. 

3  ♦• 


tf  TkfMe  Statu  1 1  j 

4*  ^  /  Scrpeotarliy   tl.  70.    Trcs  has  (eqintur^  ^dfi  fupra 

mediam. 
Attg.29.         Double.    CtinfideraUy  «n(Mfual.     L;  v.;    S.  in- 
^^779^    -  clining  to  t.    Witfh  ^i/^  «^  ^lan^Mser  of  L. ;   with 
-*  •    -    -460^  mtic]*  abovB  a  dMHriMer&^of  i^.     Pofition  9®  14' 
£  following.    Mean  4»f  two  yes^fs.  obfervadons. 
5.  ct  €.  *  •  Lyra,  yl.  4;  and  5«      : 

Aug.s^./       A  very  xuxt<n]$.il0Vlble--d0iA>le*  Aar.    J\t  fiVil;  (igbt 

^779*   '/  it  appears  ^Soiibleat  iomfe .  odhf^ienable  ^  diftance,  and 

by  ateiitfing  a  little' wii^  jCoe  tbat  each  bf  the  (lars  is 

a  very  delicate  double  ftar^    The  firft  fet  confifts  of 

ftars  that  are  coniider^ly  uneqiiaL    The  ftars  of  the 

Ctcond  iec  are  eq[ual;  or  thipprebeding^theni  father 

'    Urgei  than  t!ie  ifollowixig^y  :7^    ^colbiir  Jof  the  ftart- 

ih  the  £rft  ftt  L*  very  w. ;  •&  a  litjtl^  inclining  to  r. 

In  the  (econd  Ctt  both-w^  i  -The  intterra^  between  the 

fhrs  of  ih6  uneqtral* &tv . with  aipawer  <^  227,  is  full 

"i'diatneter  tif  L. ; '  iKridl  46o,^tiear  I'l^ameterol^ 

'  L.;  vnth  ^32,  full  li  di^maierf  witU  2010,  24. 

£ameters«    The  interval  between,  the  q^al  fet  with 

a  power  of  127  is  almdft  1 1  ^iliaimetec  of>either ;  ,with 

4609    full   1 1  diameter  }^  wltii  9329   i  ^diameters ; 

wflih  2610,  H  diameters.  -  Thefei  e{Ktnatio6r  are  a 

mean  of  two  years  obfervatlpns,    Poikkm  of  the 

tmeqnal&t  56**  o'  n.  ftdlowinjg^^  -  Ppfituui  of  tl)e  eq«ial 

let  7»*  5/  f.  fi^ow^ng.      - . .  \  li,  7 . 

7*  ^  r  AquarS,  -  vt;  55.   -^Tiiam  in  ih«dtt  dqctra  pnecedens. 

$^ia.      ^pbttbld     E^iialv   ^  tbe   preeeclmg /jrather   the 

»i7^'    .  larjgeft.    Both  -vir.;  With  -32jt,  .1  ^  (fiameter ;  with 

'  440,  t ;.  iBaknietkf ;  «Htli)46b;   s  diameters;   with 

j/10,  near  '*  ^iaiiet^s  -vridi  ^^|  i|  diameters ; 

••••■■  ■.'"■'■  '"■  ■  ■'•  •:  •    -R  «••■..•'  -■-.-  ;:  ..',  •  ;        with 


'» 
^ 


With  ^oio,  pretty  diftinA ;  but  too  tremulous  tpefti* 
matel  Wil^  Ay^  26  feet  leffedlor^  power  600,  fqll 
-.  12 'dit«M*«rfif^  very-- diftini5>.  .?9fitiony  ;7i'' 39^^  n. 
fiiUtiwiQ^. !  PiiUe^e  4l\s^U  ^^  <^'  .two  yeass 
ohfervakion*.  /  •    , 

•  •  • 

8.  ^  Coronas  borealis,  fl.  7,.  : »  . .  . 

6fti  /.         PauWe..;  tik*ii64era]^)y;^^^      ,1^  fine  w.    S. 

'  i^779*  :  wi  bfclink^  ta  n  Wkkf  222,  .?^!f^4  3f  diapoeters 
of  L.  Difhince  5''y468«  Pofi^jjj .2,5°  jji'  n.  pre* 
ceding/  raeatl  of  tt¥Qyear&  obfervations. 

^  X  Orlanis,.  t^L.  ^:.    In- ca|>iii9  Jiel^lo^ 

'  oa%9;   :      QuadfiifdetnQritcathepaf.dpi^le^^^^  afidxtw*^  more 

iiflh  •  «t  afakiU  dHtBnce^.  liTj}^  j^M^^c^i^f  C0Dfi4erably  un- 
■  eqitaL'  .Lk  i£.  |  .8/  ptil^ ]:pfe  coId^iu  .  !With  Z2Z,  li 
.    diaD»Qter..QfX.;.with  449)  ahpvo  two  ^meters  of 

fPofitioft  45°  ^#'  «^^  &>^W^  -  ,A?t^wy|One  of  the 
.  fiiiir  .ftanis  ip«if&6^  4}i^ndr  ^  Uf^i^^d^     the  whole 
'  ^qppeaibdiiMbokb^to  FLAM^I^ 
'  ibaa  becaMdfe*!h^  tejc^Dpe;  had  not  fu£cknt 
i.     'diftiQgTiHh:  thorn  <  .:.''[      cii. 

:  €fK  7*        A-  dotiblc-HerBUe  ilfir»:  or  l^t/ftts  of.jareMe  ftars, 
i7?9*      almoft  fimilarly  fititaM>\  $*i|poc4^;iet^    The  tw» 

fbUoinriiig  ito.  of  t^e.-two-nenre^  wit^  the  third 

65^35' f.  pDGoed^^.:   Pd^qp.of^^the.^vo  neareft, 

by  exad  efiimatitti^^'a  or  3*  n-  followuig  or  £  pre- 

5  cedinn^ 


if  DouHfe  Starii  .l^y 

ceding  *tHe  ftllowing^  feft    1^  ttoo' aMsdR:'^  veiy 
linequal.     The  hrgeft  of  the  two  aal  the  £utbcft 
confiderably  uftequaL    L.  w. ;  S.  Uueiifa^    TbeW^o 
neareft  with  222^  about  29  iJiatftete»vaf  L. ;  the 
two  fartheft  43'^  12^^^    PofitW'c^'^dMrftwor  ncarcft 
5**   5'  !>•   following.    Pofition  •  pf  the,  t>w>'  %tlfcft 
29^  4'  n.  fbHowirig.     A  pretty  c^jedt  vlrith  z.zj.^   ». 
12.  «  l^fclum^  FL«  ultlriia;*    ih^iloda  (kibfiilitf  li]|octiixu  ^ 
pa  19,         ©otrbfe.* '  Qoriiidetabl]^  urteqitok  '  Both  w.    With 
1779*^      222;  rift  qtStc-2  ^iimetefe6fL«?^*ritkt46o,  abou^ 
3  diameters  of  L.    DH&lttce  -  ^V^  z^  dSgAa  mealure. 
Pofition  67°  23'  n.  preceding.  ••'  ' 

ij.  fi  Dradbmsj'-Wr.  tti  'fa^J^gftei   i    •  l        ,, .. 

J??^'     -rtet<h:  ?•  vrlth' 4i»o§  at' diafti4ter&;    Diftahce  4'',354. 
medh  hieaftrre:    Pofitfeb  37^  38'  •  fi  pirecediog  or  n» 
^allewing. 
»4'  •  A«rigae,  FL..4.      ^    .(:!-'•/  ..1  -  ,•■■    .\  -  ,i-\  ,,f,  ^^.^ 

I779'  '    227,  alihoft'^adiaifteters- of  L.;  «Mtn  .460fCf9ll  3; 
dkmetfefs  of  Lr'   Pefition  82^  3/  tfv  pmiieding. 
15.  4'Cygni;  n:.;24;'  In  alt  deitra*..  " :  •  F 

Mot.  2,  -      Dottlki^  "Extremely  w^eq«^  ;>  lAettiMdl  ihu*  a  mere 
»?79.      ]>oint.    L.  w.  J  S.*r. '  "N^^"  2l79J'fiMr'l.i  diameter 
of  L ;  with  2^8,  near  li xKimol*  of^Li ;:ii^  4^^ 
2  dk^eter^  of 'L.'  Pofilfen'Ig'^if^'iCIprece^wgfA, 

'  K(W:j/  '-  A'isHe^dbueftP'fburf'Cdl(fidfei«btjr:iB^^  £»w. 
>)79>      inclining  to r. ;  S.  Av&^<fft^'j  'With'  aka^  nearly  z 


«i  7.  *  In  fittiibo  anteriore  pede  Monocerotis,  fl.  i  j. 
■Dee;  5,         Double.     With  222,  dbout  i  i  diameter.    Pofitioa 
.  .t779.      (takm  O^  20,  1 78 1}  with  the  fiutheft  of  the  other 
.    .two  ftacs  31"  38' £  Allowing.    See  the  tenth  ftar  in 
the^rftdais. 
«8.  ^  Bootss,:  FX»  37. 

April  9,        Double.    Veiy  'unequd.    L.  p^e  t.  or  nearly  r. 

1780.     &  gffmif  or  decfterx.  than  the  other.    With  222., 

.    1 1  diao^eter  of  L  ,  with  460,  full  3  diameters  of 

X*.    I^tanoe.  3''   23'"    fingle  jmeafure.     Pofidon 

As"  .53' p.  <WUwing. 

)i9.  g  Serpcntarii,  ft,,  5. 

May  i>        Oouble.    It  is  .a  ifaur  jn  die  body  of  Caaoar,  and 
-    *7^    "the  douUe  iUr  is  at  the  .ai^lar  pcoot;  of  the  thcee 

tdefooinc  g*f  josdcbg  a  xeStaD^/t. .  Pretty-  unequal. 
Both  w.  .  Wkh  227,  <i  dtaaoeter  of  L.    Pc^tion 
8a*  10'  f.  preceding. 
^0waad2i*  J^Librse,  rx..  ultima. 

|ijhyi3»        Double  (double.    The  firft  fet  very  unequaL    L. 
;  4i9<iOb     jfioe  w.    With  22 7«  neatly  2  diameters  of  L*.    By 

jdie  micrometer  6"  23"%  but  too  laige  a  meafure. 
/lotion  I*  23^'  n.  following^    The  other  fee  both 
fcmSl  m6  obTcure.    With  227,  fierhaps  5  or  6  of 
liMur  fiamolers  aAmder. 
«fc.  tP^ir^  9U4S*    Itt&uibogenii.        .  .  . 
Ai«.«t         DooUe.  Eztvemely unequaL  L.W.;  S.d.    With 
H^o,      isa,  ai  diameters  jof  L.    Pofition.  Sj"-  28^  £  fol- 
kmnng^   a  Kttk  inaccurate.  ^  third  &u  oear^at 
,  jioDoaai  i|  or  s|  min. 

^bafatucc^eMoa  tfiii  fet  vdl  be  Ibwd  at  s  Hf bte  ibur  of  tte  fiiil  daft^ 
HiC'larp  iriMie  ftar,  nidi  a  poivcr  af  4^:attA  «|f^  if|«ariog  to  Jba  tuo  Aan. 

; '  aj.  la 


rj.  &  tohfteUatiotie  Ser|)ehtam,  nter  fL.  ii« 

Aiig«  7,         Double.    It  i^  the  fmaileft  and  preceding  of  two  in 

irSo*      the  finder.    Pretty  unequal.    jL*  p^  r*  ;>»S*  dulky  r. 

Whfi  223^ ^  aboiilr  i|  i&iaieter  of*  L. :*  with ' zjZ^ 

abbut  li  (£ameter  of  L.;  with  49to^' above  2  dia« 

meters  of  h.    Pofitioa  46"*  24!  tu  preceding    A 

little  inaccurate. 

^  Ih  confteUarionc  Aquarii^  9L.  toh-  In-  &qu«nti  flexu  5* 

ad  Ak'' 
Aag.23^        Double.    Ih  HAKEtiTtimapt .  tt  is  mai&ed  u    Un* 
rj2i^      equal.    With  227i  2  diameters;  with*  460^  sdK>ut 
jdiametersi 

25.  t  Cygnit  n.  St.    . 

$q^^.        Double.    Extduiel^  unequd;    E*  w^ inclining  to » 
s7<^      r.;  &  di^and  extremely  feint;  with  227^  2i  .dia- 
meters of  L.  r  witb  460,^  about  4  diametcra  of  L. 
or  more.^   Pofitbn  2S*  if  n.  fcUowmgr^ 

26.  In  cmifidlatione Orionis^  nearYi...4d«    111 longa enfis^ 
ea.23,        Cbuble.     It  b  the  mofl:.  4iordi  of  diree  tekfcopic. 

1780.      ftars  in  a  line  at  the  end' of  a  dufter  near  r.    Ex- 
tremely unequal;    Ik  w.;   S.  d«    With  2781^  i| 
diameter  of  L.    Pofition  26^  5^  n.  foMoWing. 
ty.  i Geminorum,  fl*.  55.    In-inguine finiftm irij[uentis  11^ 
Mir.13^. '      Double.    Extremely  unequal.    L.  w/  inclining  to 
>78t..     m  S.U    With  227^  about  2i  full  diameters  of  L.  i^ 
with  460^^  4  or  5^  diameters..   Pofidon  85^  sV  f« 
preceding. 
28;  Vi  coaftellatione  Aquila^^  near  fl«  54;  * 
Jdya3,        Double.-    It  isaftar  foUowing  ^..  Exceffiveljr.  urn- 
i98ii      equal.    The  fmall  •  ftar  is  not  vifible  with  227J  nor^ 
with  278.    It  is  vifible  with  4604  biit  not  without 

attention*' 


« . 


•i'^P  IfliccmfteiiitiiDie  lA^Hil^,  ^)ieaf;,VE»  6^ .  .J^jfUj^o  capite. 

i-joly^ I)       '  IMbls*    i^ 'M ttipif^  ^  ^  ^f'f'^'P^ f  tdefcopic 

'.  i79x.     i£>4;el0Bt4an^9iQir'i:.    {Ex^qni^y^ua^al.    Both 

r.  With  469^  t,  diameters  ^  ,^  .  Portion  75"  48' 

30.  ^  Sagittae,  tl.  ^.    Trium  In  arundine  :fequens.  f  -. 

''j»ig.tiJ  '  '^ovktU,;-  JSaHfiMn^y Tfi^fquali ' .,  Xhe  finail  ftar 

-ii^&«<  ^  Nfofi^er«githi46dithai)-wkh^'3j:^/or  firitli^z;!!^  with 

460,  between4  or  5diameters4)f;X4>;"Vi[ith  278,  2f 

xliameters  of  L.    Diftance  ^"  ,:a^'^'^ij(uu}CW9te«  I^oj^:- 

3^.  {hc0ftlbtbilaBtip)EIi9^:4ila«>  X¥«'}5^,.  .f,  .j  .  ^ 
■Sept  6,       'lifci*le.    A  W«  Vft^aL  1  %^  wL  .  With'460, 

1781.      »«iri3  <«Gubetert.  *C^fti«M»5f' 7.'"'        . 
j2.  hi  e<aflftt]luioflietSagitta;,  fi^>i;v>r 
^SejinV,       'SD^ble..  rltlethQiAaFl&drthibUomiigi.    L.|>ale 
•i7*»«      f.;  fi.4.  .' Biibuwe >5'f  j'^ifficcurate. 
33. 'jS^ridtift,  KL.<£9.    In  fiiftiftrOrpede  fpliendida* 
oa.  i»        '^uMcr  '  Extteta}e}y  un.egTial.    L.  w. ;  S.  indin- 
V7««..     l)vg<lb  r.    )With  2**^,  ^  or  ^i  diameterS'Of  Rigel. 
WitH466,  |xiDi«  than -3.  dian]^  Diftance 

6"  27'^'.   '  PdfitkJn  68^  1 1'  f.  preceding.    The  fmall 
ibr  not  wanting  apparent  magnitude  is  better  to  be 
feen  with  my  power  of  227  than  with  460. 
34.  I  Trianguli,  fju.-6. 

^'oft.  89      '  9^oQt|le.     It  'is  marked  i  in  the  £nall  triangle  of 
*   J7»K      HA** I8'«  innps.  .  Yejy  unequal.    L*  pale  r*  or  red- 

dJfti  ^i  S.  blueifli  x.    With  227^  full  li  diameter 

of 


tfDotM  Stars,  U^ 

•ft.;  iwt^  |8o,  fill!  I  i  diameter  of  L.  Pofition 
4*^  15^  n.  following.  A  pretty  objea,  fomewhat  re- 
fembfing  a  Herculis,  but  fmaller  and  not  fo  bright. 

35.  In  conftellatione  TVianguH,  near  pl.  6. 

Oa.8^  Double.     It  is  the  ftar  following  *.     Equal.    Both 

i;?*-      dijflByw,    With  460,  about  a  I  diameters. 

36.  In  cofrftefiatlone  BrWani,  fl.  3a. 

Oa.i%.        Uwbfe.    Gonfiderably  unequal.    L.  reddifli  w.j 
*78i.      S.  blue.    Diftance  4"  19'".    Pofitioa  73'  23'  n.  pre- 
ceding. •       < 
37*  fc  capko  Sifbnocefotis.- 

Oft.  a*.        Double.    It  is  one  of  a  dufter  of  fix  telefcopic 
*78««      iftars,  arranged  in  pairs. 
38.  la  cohileilatione  Bootts. 

Dec.  24,        Double.  -  It  is  the  moft  ttoith  and  largeft  of  three 
•78*.      In'a  line,  f.  foHowing  fl.  15.    CorifideraHy  unequal, 
L.  w. ;  S.  inclining  to  r.    Diftaoee  5"  10'",    Pofi* 
don  83*  5'  fl  preceding. 

•  •  .  ■ 

THIRD    CLAS^S    OP    DOtTBLfi    STAES; 

t.  -Ktf  Orionisy  y^  41.    Trium  icpntig^aro^jni  Jjj  Ipngo  enfis 

media* 
Nor.i  fj        Qpjniple^    It  Is  t|ie  fipall  telafcgp^  Trapeziuiij 
i7?^  ^   in  the  Nebula.    Con^der^k{y  ymf^*    The  mqft 
fouthern  ftar  of  the  foUowii^  fide  q£  tl^p  Tr»>^i^a|, 
i^  the  larg^ ;  the  Uti^.  In  ^f  oppp^te  V>racr  is  the 
fijaalleft?  the  renaaiping  twd  af«  .nparly  «quai,    ^ 
pale  r. ;  the  flar  preceding  L»  indined  to  garnet ;  fol- 
lowing L.  inclined  to  garnet ;  t>ppc}fite  to  L.  d.  Widi 
460,  the  flars  are  all  full,  ^oun^  an^  wdl-defined» 
Vol.  LXXII.  S  Th« 


t.39  ^^'  woksCKEi^h  Catalogue 

The  two  ftars  in  the  preceding  fide  diftaa<e  8^^,780^^ 
m  the  foutheni  fide,  12/^^12 ;.  in  the  following  (ide 
1 5'',2oS ;  in  the  northern  fide,  2o-',396- 

2.  ^UrfdB majoris,  fl«  59*.    Trium  in  cauda  media*. 

Aug. 1 7,.        Double.     Ccnfiderably  unequal.     L.   w;  S.  w.^ 
1779^      inclining  to. pale  rofe  colour.     Diilancet  14", 5  by 
two  years  obfervation,  not  a  mean  but  that  which  li 
fuppofe  ncareft.  the,  truth.     Fpfition  i$°  46'  L  fol- 
lowing. /  . 

32  HI  Cafliopeai  fl.  24.     In  cihguloif 

Aug.  1 7,        Double*    Very  unequal.     L.  fine  w; ;  S.  fine  garj' 
i779v     net,  botbcbeautiful  colours;     Diftance  1 1^,27^  meaa* 
meafufc    Pofition  zj^  56'  n.  following. 

4.  In  extremitate  pedis  Caffiopea^,  FJLv.55^     « Ptoleipaei^ 

Atig.17^,       Double.^  Extremely  unequal.  L.  w.;  S.  blueifh.r.- 
i?79r      Diftance  /^5  fingle  meafure*    Pofition.  10°  37'  il. 
foUowinfft. 

5/  *  y  Andromeda?,  fi**  57;    .  Supra  pedem  finiflrum. 

Aug.25,        Dbubl*.     Viery  unequal.    L.  reddifh  w. ;  S.  fihcj 
^779«      light  fky-blue,  indiningjto.  green. .   Diflaftce  9^^254.1 
a  mean  of  two  years  obfervation.     Pofition:  19*  37^' 
m  f6llowing»     A'mofl:  beautiftil  objeflr."        * 

bs  jQ  Cephei,  Fi^*  8; .   In  cingula  «ad  dextrum  latus. 

Xug.51.-     '  Double.     Vei^  Unequal:     IL  bkreifh  w. ;  S.  gar* 
^7 79*     V^t .  piftafice  i  ^\  125.   t^ofition  1 5°  2  ¥  ft  preceding. . 

7.  ♦  j5  ScotpiiV  FL.  8^. '  Trium  in  fronte,  lucidarumj  Borea.^ 

Sept.Vo,        Doubtei     Very  xlncqual.      L.  whitifll  r;    Si  n. 

-higy^T^^  r'Pbfition-64^  51/  n;  foUowing. 

,,j^^yvfii|urc  collfidien  thi^  will  be  found,  sm  a  tFeblefiar«of  the  6nft  clafs ;  tlie 
W$^  ft V^iHWI£,;  ftwitt  M^  precediogi  ca&ly  fecn  with  460  and  93  a. 
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8;.  ♦  ^  Bootis,  Ft  29. 

Scpt.ao,         Double*     Pretty  unequal.  L,  \v.;  S.  w,  inclining 

.  «'779'      to  r.     Diftance  6'^,  171.     Pofition  6''  28'  f.  following, 

9«  -l-yArietis,  fl.  5.    Quse  in  comu  duarum  prsecedens. 

Sept.27,        Double.     Equal,  or  ifany  difference  the  following 

»779«      is  the  largeft.     Diftance   10^^173,    a  mean  of  two 

years  obfervation.     L.  w.  inclining  a  little  to  r. ;  S. 

w.     Poiitiob  86*"  5^  n.  preceding.  .  . 

ID*  *  ^  Delphiniy  fl.  12.   Borea  fequentis  lateris,  quadrilateri. 
Scpt.27,         Double.     Nearly    equal,    the   following   a   little 
i779«      larger.     Both  w.     Diftance  1 1'',822,  being  a  mean  of 

the  meafures  taken  in  Sept.  061.  Nov.  and  Dec.  ^  779. 

Asl'fufpe6t  a  motion  in  one  of  thefe  ftars,  I  thought 

it  beft  not  to  join  other  obfervations  in  that  meafure. 

Pofition  4""  9^  n.  preceding, 
CI.  X  Bootis,  FL.  1 7.    Triumi&  finiftro  manu  pr»cedens. 
S^t.27,         Double.     Very  unequal.     L.  w. ;  *S.  d.     Diftance 
^  779*      I  ^''503,  a  mean  of  the  obfervations  4n  1 779,  80,  8 1  • 

Pofition  about  30*"  f.  preceding. 

12.  I  Orionis,  fl.  44.    Trium  contiguarum  in  enfe  auftrina. 
Oa.  7,         Treble,    It  is  the  fbllowbg  or  largeft  of  the  two 

i779«  Ts.  One  is  Li. ;  the  other  two  are  extremely  finall, 
I^  w. ;  the  other  two  both  dufky  r.  Diftance  of 
the  neareft  ia",5.  Diftance  of  the  fartheft  48''  31  ^'. 
Pofition  of  the  neareft  43"*  51'  following.  Pofition 
of  the  fartheft  1 1""  19'  f.  following. 

13.  and  14.  i  Ononis,  fl.  44.    Triiun  contiguarum  m  enfe 

auftrina. 
oa.  7,  Double-treble.    It  is  the  preceding  or  fmalleft  of 

■I  779-  the  two /s.  The  preceding  fet  (forming  a  triangle) 
confifts  of  three  equal  ftars.    All  dufky  r«     Diftance 

S  a  of 
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of  the  two  neareft,  with  227/  about  5  idiaraetfers^ 
The 'following  fet  (forming  an  arch)  cdAfifts  of  three 
ilars  of  different  fizes.  The  middle  ftar  is  the  largeft  ; 
fchat  to  the  fonth  i&  aUb  pretty  fesge ;  and  the  third 
is  very  fmaH.  L.  w« ;  L  w» ;  S.  pale  Jr.  Diftance 
56^25. 

»5-  *7*  Cygnr,  fl.  78. 

0&.  19,         Double.  Confiderabfy  tinequal.   L.  Kv. ;  S.  blueifh. 
X779'      Diftance  6^^,9x7  meaii  toeafore^     Fofitjoii  zo?  15'  f* 
following. 

16.  *  In  conftellatione  Delphini,  fl.  r. 

Nov.  15,         Double.     It  b  the  flar  ibntfa  preceding  c.     A  little- 
t779«      unequal.    Both  w.    Diftance  tz^^s^^   Fofikion  9"^  40^ 
f.  preceding. 

17.  In  extremitate  cauJae  LacertiD,  fl.  i.. 

N0V.20,        Double.     Oohfiderably  xihequal.     iu^  w.  f  S.  ^ 
i779>      inclining  tar;.    DiAence  13^^43 V^  ihaddurate..    Fe&- 
iition  76"^  r6^  £  preeedih^ 

18.  +y  VirgtniSj  fl.  29.    Deqiaatuof  in  (sda^fTdiflfa,  fequens.. 
Jan.  219^        Double.     Equal     Ibrhxkr.   Diftatfce  7:'%533  mMii- 

•  7780.      imedure*.    Pofition  40^44/  £  fiillowkk^  ' 
ig.  +  ^Cancri^  ra;.  i4J.  *  '  ^  ^     : ..  •      ,    '» 

ApHl  5,        Double.     OdtiflddnMy  uttBqtiiA.  •  Ju.  .jfele  r. ;   S*. 
178^*      pale  s.    Dilhnce  S''^v^46  iheaii  mea&ne.     Pofitioii* 
tf"  16^  f.  ipreoeding.     See  tks'£4^hfin.the  firA  clafs*. 
20.  In  conflellatione 'Bodies.  I  : 

June 25,        Doubfe*  Drawi  a  lio^thr^«g^/'»-'fliid  ^totlfcs  finaU. 

1780.      {(ar  under  the  right  foot,  and  erecting  a  perpendicular 

towards  the  left  fcxk^f  e(^bi  length,  -the  end  of  it 

will  mark  oti(  this  doinble  ihi^    Pisetty  unequal. 

......  Botli 
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Both  .r.    Ittftance  f  36^'  foH  mfca^ure,    Pofition 
59°  32-  !!•  preceding. 
XI.  In  conftellatione  Equulei,  Fl.  i. 

Aug  2,         Double*    Coafiderably  onequai.    L.  w. ;  S.  tnuch 
1780*      inclining  to  r*      Diftance   ^'%3ys   ^^n  meafure. 
Pofition  5^  39'  lu  follicwuig^     A  third  fmdl  ftar  folr- 
lows  at  ibme  diilance.. 
ti.  Quse  infra  ocnlumLynciSy  Fi^.  ia> 
Aug.  7,         Double.    With  a ^^,   sibout  3  diameters  of  L* 
1780.       Confiderably  untitfual.     lir.  «^  ;.  S.  pole  r.     Gdft^ince 
9"  23''',  not  ^xtceto^y  accuirafte.     Pofition  32""  33' 
n.  preceding*    See  the  fixth  flar  in  the  iirft  dafs. 
^.  in  cotiibellttioiieCaiiidpeas,  fi;.  34* 
Aug.  8^         DmAde.    It -is  dne.of  two  tsleicopic  ftars^  and  is 
1780.       marked^  4h  «A&lits's  tt^iaps^    Eiftremefy  unequal*. 
L#.  pale  r. ;  S.d.     Diftumie  about  'i>2'^bri!Bore. 

Aug.  8,  Treble.     The  two  neai^'extmmely  unequal,    i^ 

1780.       pale  r. ;  S.  d.     Third  flsar  pale  r.     Diftance  of  the 
two  Heattft  ri'^  *"'<.     Dittence  of  the  two  laicgeft 
ify  49'''.. 
2$.  In  conftdllQ^neiSei^itarii,  4^1^.  39.- 
Aug.a4,         Dbvible.     ft.  13  the^nK^fi:  fouth  anfl  largeft  of  two^ 
x7*o.      ill>the^fiuden    V^eiy  ?uft«qualt    L.  w, ;  S.^  inclining ; 
to   Uue.    DffliaiiM    vo^^-  2/^^    a  little    inaccuratc*. 
' Pofition  ^7"^  i4'  n.  pwcedin^. 
26.  *  In  conft^llatione  Ceferbei?i  u  hevslii  r5,.  isau.  Mkrculik* 

Sept.  8,-         Douftle.    It  16  the  ftat  in;  the  leaf  neaaft  to  Her- 
^780.      cules's  fece-aad^habd.    Equal*    Preceding;  w.    Fol- 

slewing; 
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lowing  blueifli  w.    Diftance  6^^  6'^^  .  Pofition  4*  9' 
f.  preceding  or  n.  following. 

27.  In  conftellatione  Navis,  near  fl.  3. 

Feb.  15,    .     Double.    It  is  a  ftar  between  ^  Canls  majoris  and 
1781-      I  Navis.    Equal.     Diftanceabout  15'^. 

28.  In  conftellatione  Navis,  near  fl.  9. 

Feb.  15,         Double.     It  is  one  of  two  telefcopic  ftars  under 
1 78 1.      Monoceros.    Diftance  about  8 -^ 

29.  In  narlbus  Monoceroti$9  vh.S.::. 
Feb.ij,        Double.    Diftance  about  2iz^^. 

30.  ^  In  conftellatione  Leonis,  fl.  54.    Duarum  fupra  dor* 

fum  fequens. 
Feb.  a  I,        Double.    Confiderably  unequal.  .  L.  brilliant  w. ; 
17.81.      S.  afti-colour,  or  greyifli  w.    Diftatoce  7''  6'^  mean 
meafure.    Ppiition  9""  14^  f.  following. 

31.  In  conftellatione  Herculis. 

May2o»        Double.     Over  1  ::.     Equal.    Both  very  fmalL 
1781.      Diftapce  about  Io'^ 

32.  In  conftellatione  Aquilse,  fl.  ii.    . 

July  25,        Double.     It  is  the  moft  fouth  of  two  near  $  and  ^ 
1 78 1.      Exceflively  unequal.     S.  hardly  vifible  with  227,  but 
pretty  ftrong  with  460.    Diftiance  about  y^\ 
33*  In  conftellatione  Aquilas,  near  fl.  7.  and  8. 
July  3P,        Double.    It  is  a  ftar  preceding  the  two  fmall  ftars 
178X.      north  of  k  and  /•    Unequal.    Lf.  w. ;  S.  blueifh  w. 
Diftance  11^'  ^5^^^  inaccurate,  but  not  much. 
^4.  In  conftellatione  Aquarii,  fl  94. 
Aug.ao,         Double.     Between  ip  and  «  towards  JL    Very  uar 

1 78 1,      equal.     Diftance  13'^  45'^^    !-»•  pale  n ;  S.  d. 
35.  In  conftellatione  Serpentarii,  fl.  54. 
Aug.aa^        Double.    It  is  the  preceding  of  two  ftars  in  the 

%  head» 
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tjSu      head.    Excefiively  unequaL    L«  reddifli  w.;  S.  d, 
Diftance  about  8'^ 

36.  In  conftellatlone  Perfei. 

Scpt.14,        Double*    A  little  fbuth  of  7.    Confidcrably  un- 
i78i*      equal.     L.  w/;    S.    w.   inclining  to  r.     Diftance 
n[[  53%  .rather  full  meafure, 

37.  and  38*  In  conftell^tione  Perfeii  near  tl.  38 1. 

Sept.249        Double-double.     South  preceding  the  firft  ^    The 
178 !•      equal  jfet  with  227,  about  4  or  5  diameters.     The 
:.  unequal  fet  about  5  or  6  cHameters;     Near  this  laft 
fet  is  alfo  a  third  ftar  forming  an  obtufe  angle  with* 
the  ftars  of  this  fet...  .  Diftance  about  lo"* . , 
39.  a  Pftrfei^.FL.  40,.  •   ':    .  :r 

Sept24,        Double.    It  is  the  fecond'  or  moft  northern  0.    Ex- 
1781*      tremely  unequal.     L.  w,;  S.  d.     With  227,  S.  is 
hardly  vifible;  with  460,  it  appears  at  firft  fight; 
Diftance  14^'  5  pf^',  inaccurate  on  account  of  the  ob— 

♦  frur^tyof  S.-     .  ;       .  A  .  ,  ;:  ^     7 

4.0;  Ih  conftellatione  Herculis,  near  fl.  87.^ 
Od.io.         Double.-    Of  three  ftars,  forming  an  obtufe  angle,^ 
i^Si*      whereof  fl.  87.^(aftarfouth  of./tx)is  aj;  the angular- 
.,  pointy  that,  towards  Ramijs  jCerebf ,  f  .J^^remely  un- 
,  ,       eoual.  r  L.  (W. :  S^du .   Diftance-  xa'<  20^^^.   Pofition^ 

1  •  ^ 

4<i,  */Herculis^  Ff,..43<- 

©a.;to„  .-..  Ppubl?,,  JPquaLi:'  Preceding  ftar-w.  -A little  ia- 
..fjT??' .    .clfliedJto  T.  /F<4l^ng  w.-,  Diftance  u''  4.3'''.- 

Pofition  88°  23'  n.  following.; 
42.  In  conftellatione  TriangulL 

0{&i0y.^      Double.  It?sa  ftar  north  following  J.  UnequaL  L»- 
178 1 .      reddifli^  S.  blueiih.. .  Both  d.  -Diftance  about-j6  or  7^\ 

;(  Mr.  BAY  ANT  of  Bath  firit  ohferred  thefe  H^m. 
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43.  In  finiftro  anterbre  pedfe  Monoccrotis^. 

oa.  20,        Double.     It  Is  the  moK  fbtrtfi  of  tmr  tclefcopic 
1 78 1,      ftars  preceding  the  treble- ftar. '  Extrettielj  lincquaL 
L.  w.  J  S.  d.    Fbfiticit  253''^  ^\  n:  preWding** 

44.  In  6re  MohocerotiS.     '  .<';..;. 

oa.  20,  /     Double.    ConfidcraWy  unequal.    L.  w. ;    S.    r. 
1781.      Diftance  12''  36'^^:    Pofitioh  60^  14^  tu  following. 
4?.  In ronftefktiotte  Tkuifi,  ttearFL.  rol^^^" 
Oa.22,        Doubfc.'  It  iff  hear'ihc  *ftai^  fufe  pcdc  et  fbapula 
^7^^'  deactra.    iEktremcly  iindqual*    L.  pale  t^;  S:  A    Pofi- 
tion  ^^"^  33^  f.  preceding./   * 
46.  In  confteflatione 'Mfonoccrbtis;  '^  ' 
oa.  22,        Double.     It  is  the  ilar  ^Uo^mnj;  the  tip  cf  die 
J3«i*     .car.  *  -• 


7>ov Ji  ar  A  c  L  AfSts   o:?   dx>'.u  b^l  k  it  a  t «• 


Aug.179        Double.      Extremely    unequal.     1*  w.;    §•  r. 
1779.      Diftance  ty^^iy^^.    PifitSon  W^  42'  £  preceding. 
%.  *fi  Lyras,  fl.  jko«    Duarum  centiguarum  ad  ortuma  tefta, 

:borea. 
Aug.  29,        DouHe.     C^fiderably  miequd.    IL  w.;    8.  r^ 
1779-      Diftance  25'' 42''^    Pofitu»  j^i*  5*^  C  preccfiaij. 
Three  other  ftars  in  mem'. 
3.  I  Capiicomi,  fl. 

Sq>t.i9,        Double.    It  is  the  preceding  ftar  of  two.    Ex* 
1779*      tremelj  unequal.   .Difbnce  about  25^^ 

«  4- 
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4.,  9  Perfeiy  i.  hevelii  9,    In  dextro  brac^io. 
fiept.ao.        Double.     Very  unequal*    L.  r. ;  S.  blue.     Dif- 
1779*   .  tauce  26'%  veiy  inaccurate.    Pofition  to^  5'  A.  pre- 
ceding. 
5«  In  confteUatione  ArietiSi   fl.  33.    Quatuor  inform.  fup« 

daril  prase 
Sq>t.i7,        Double.    It  is  the  firft  in  the  head  of  the  fly.    L? 
»779-      w^;  S.d.     Confiderably  unequal.  DIftance  25'' 3z''' 
inaccurate.    Pofition  i  7"*  1 4'. 

6.  ^  9  Serpentis,  fi..  63.    In  extremitate  Caudks. 

Oa.  17.        Double.    Equal.    Both  w.    Diftance  19^^375*  ^ 

7.  ip  Draconisy  PL.3r.     Prima  ad  ifr. 

Oft.  19.         Double.    Pretty  unequal.     L.  w. ;  f. paler.   Dif^ 
»779-      tanceaS'' 14''^ 

8.  *  ^Pifcium,  FL.  86.    Triuminlino  lucrdarum  fequens. 
Oft.  29,         Double.    Pretty  unequal.     L.  w. ;  S.  w.  inclining 

^779»  *   toblue^     Diftance  2z'%i87,  not  rery  accurate.     Po- 
fitioQ  22^  37'  n.  following* 

9.  ♦  Prima  ad  4^  Pifcium,  pl.  74.    Trium  in  pinna  coftarum 

praecedens. 

Oft.}Q^        Double.  Diftance  2f\^.     Pofition  about  So"*  C 

*779«      following.  An  obfcure  ftar  alfo  within  1  i  minute. 

so.  ;gTauri,  fl.  59%  Auftralis  ^quentis  lateris  quadrilaterl,  in 

cervioe. 

Oft.  30.        Double.  iXftance  1 8^',75,  very  inaccurate. 

^'-  Xpygai^  IL.  17. 
Noy;2o..        Double.      Very  unequal.     L.  w.;    S.   dulky  r. 

1779-      Diftance  24''  52'''. 
X2.  *^Aquarii,  fl.  91. 

N0V.26,        Double.    It  19  the  firft  of  three  ij/'s.     Unequal. 
1 779-      Diftance  23'' 5''',  pretty  accurate. 
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15.  In  conftellatione  Leonis,  fl.  ,83,  >  r 
April  6,     '  Double.   •  It  is  a  fmall  ftar  north  preceding  t.     A 
1780.      little  unequal.      B«rth    inclining   to    r.      Diflance 
29''  5"'.     Pofition  54°  ^^'  f.  following.  •   . 

1 4.  .In.  conflellatione  Aquilx,  fl   57.  ■  • 

Aug.  2,  Double.     It  is  the  preceding  of  two,   near  the 

^  1780.  fouth  end  of  Autinous's  bow.  A  little  unequal.  L; 
w.;  S.'W.' inclining  tor.  Diftands  2y- 28^'',  pretty 
accurate.     Pofition  8t°  55^"  C  preceding. 

15.  In  d-xtra  aure  Camelopardali.     i.  h^velii  ultima. 

Aug.  2,    •      Double.      A  little  unfequal;     L.  reddifli  w. ;    & 
»78o-       reddifhw.     Diftance  s»o'' 5'''.  • 
1.^.  InconftellationeCaflippeac,  FL.  31. 
Aug.*,         Double.     It  is  marked  with  the  letter  A  in  HAR- 

1780.      Ris'smaps.     Diftance  about  20"  or  more. 
1.7.  *CorCaroli,  fl.  12.     Canum  Venaticoriim. 
Aug.  7,  Double.     Very  unequal.     L.  w. ;  Siinclmihgtor^ 

1780-      Diftance  20'  o"\  inaccurate.    Pofition  41°  47'  C 
preceding. 

18.  *  In  conftellatione  Cygni,  fl.  61. 

Sept.  2©.         Double.     It  is  a  ftar  preceding  r.^    Prttty  unjequall 
'780.  L.  pale  r.\   S.   r. ;   or  L.   r.;    S.  gai-net..  Diftance 
1 6"  7'";    Pofition  36' 28' n.  following.. 

19.  In  conftellatione  Aurigas,  fl.  14. 

Sept.  24,         Double.    It  is  the  preceding  ftar  of  aclufterof 
»78o.      ftars  that  precede  q>  and  x-     Very  unequal.     L.  red- 
difli w. ;  S.  d.     Diftance  16"  8'",.  a  little  inaccurate. 
Pofition  37°  38'  f.  preceding. 

20.  0  Draconis,  fl  47. 

0&.  3,  Double. '  Very  unequal.     L.  pale  r.  v  S.  dulky  r» 

»78o.      Diftance  z6"  29"-     Pofition  90°  n.  preceding  or  fol- 
lowing, by  exadl  eftimation,  ^i.. 
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2F-  ^Qrionis,  FL.  50.     Trium  in -cihgiilo  fequens. 
OA.  10,         Double.     Very  unequal.     L.  w. ;  S.  d.    Diftancc 
1780.       about   25^.      Polition  83^  25'    n.    following,    very 
inaccurate. 
22. /Cygni,  FL.  63.  :: 

Oa.27,         Double.      Extremely  unequal.     L.  fine  w. ;  S.  d. 
^780.      DiftanceiS"  ii'^^  '       • 

2j.  2  ad  «  Cygni,  fd.  45.'    In  genu  dextro. 
:0a.2t.   I^  *  Double.  •  Confiderably  unequal.     L.  reddifli  w. ; 
1780.       S.  d.     Diftance  within  30'^     Pofition  7"^  23'  n.  pre- 
ceding. 
24;  jad  A^  Cygni,  fl.  46.     In  genu  dextro. 
•Oa.27,         Treble,  r  Very  unequal,- and  extremely  unequal. 
»78o.       L.  fine  garnet ;  S.  r. ;  fmalleft  d.     All  within  30''. 
Pofition   of  the  brighteft  of  the   two   fmall   ftars 
44""  19'  n.  preceding.     Pofition  of  the  fainteft  ■ 
preceding.. 
25.  In  conftellatione  Ceti.   ' 

« 

j>if.a3,  Poiible.     It  is  a  ftar  near  the  pkce  of  the  periodic 

1780.  calftar^.     Diftance  16^^875,  a  little  inaccurate'. 

26J  In  conftellatione  Navisj,  pl.  19.  ::  •  '  ''" 

Feb.  15,         Double.     It  is  a  ftar  under  the  ham  of- Mono- 
.  *78i/      cerps*s  right- foot.     Diftance  about  25'''':'  »      -^ 

27..  In  conftellatiorte  Comae  Berenices,  fl,  14..   c 
fcb.28,      ;   Double.'   Confiderably  unequal.     L.  \vhitifli  r. ; 
>78i.       S.   blueifti   r.      Mean   diftance    18^'   24'^/   Pofition 

3""  28' n.  preccdinrg.  -•    '  v 

>8.  Jn  canftelUtioneGemincrum.  »      .  '  ;    M         /  '  .  *  * 

Mar. 1 3,         DouJ>le.'    It  is  near  y  towards  ^  TaUri.     A -little 

1781.  unequal.      Both   r.      Diftance    ^\/'  4i^P*  Pofition 
f[7°o''f.  preceding.  '     "" 

T  2  29.  Urfae 
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ap.  MTrfas  majoris^  fl.  23.    Duarum  in  coUo  fequeiis. 
Apr.  25,        Double.     Extremely  unequal.      L.  reddiih  w.  i 
1781.      S.  d.     Diftance  with  460,  19'  14'''.     Pofition  3*"  14^ 
n.  preceding. 

30.  In  conflellatione  Lyncis,  fl.  44. 

May  269         Double.    It  is  the  eye  or  nofe  of  Leo  mioon 
i78if      Unequal.    Diflance  24''  53''"  inaccurate^ 

31.  In  conftellatione  Cephei,  nearFL»27« 

May27y        Treble.    Itis^  a  fiar  near  ^»    D}0aiiee  of  the  neareft 
1781.      about  20'^ 

32.  *  In  conflellatione  Serpen tariiy  pl.  6r. 

July  15,        Double.     It  is  a  ftar  near  y.    A  Httlc  unequaL 
x78i.      L.W.;  &  grey.    Diflance  x^^'^  4%  inaccurate*    Po* 
fition  almoft  dincdlly  following. 

33.  In  conflellatione  Aquilae. 

July  19,        Treble.    It  is  the  firfl  of  two  flars  preceding  v# 
X781.      Diflance  of  the  two  nearefl  ai''  59''',  inaccurate. 

34.  In  conflellatione  Aquilas,  near  fl.  64. 

Julya^,        Double.    It  is  near  a  flar  preceding  6.     Equal 
1781.      diflance  about  30''. 

35.  0  Sdphini,  PL.  6.    Auftrina  praeoedentis  latetis  quadii* 

kteri, 
Aog.  I,         Double.    Extremely  unequal.    Hardly  Tifihle  with 
»j8i.      227;  pretty  flrong  with  460.    Diftance  25"'  54"^ 
jrather  narrow  meafure*    Pofitioa  78?  n*  preceding^ 
by  exaft  efliniation. 

36.  fi  Serpentis,  fl.  28.    In  edu£Bone  colli* 

Aog*>3»        Double.     Extremely  unequal.     L..  w^t   S.  exf^ 
^9^^     tre'mely  f;untf     Diflance  24^"^   pretty  exadlly  efli« 
mated.    Pofition.  3  or  4!"  £  preceding,  toojobfcure  for 
oaeafuring. 

a7^ 
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37.  ^Equulei,  fl.  7.    Duarum  in  orefequens. 

Atig.13,         Double.     Exccflively  unequal.     S.  hardly  vifible 
1781.      with  227  J  but  with  460,  vifible  at  firft  fight.     L. 
w. ;  S.  d     Diftance  i()'  ^z'\     S.  too  obfcure  to  be 
very  accurate.    Pofitioa  1 1*  39'  n.  following. 

38.  In  conftellatione  Aquarii,  fl.  24. 

Aug.  1 4,        Double.    It  is  the  ftar  in  the  cheek  or  hair  of  the 
'781.      neck/    Very  unequaL    L.  w. ;  S.  d.    Diftance  25% 
very  inaccurate. 
39*  In  conftellationeCygni* 

OA.  r.         Double.    It  is  a  Itar  north  fcdlowing  r.    Extremely 
178U      unequal*    Ln  w.;  S.  d.     Diftance  18^"^^  exad  c^ftima** 
tion.     Poficion  30''  2&^f.  following^ 
40.  tf  TrianguUy  fi^  io. 

Oft.  8,         Double.    It  is  tbe  preceding  of  three  teltfcopic 
1781.      ftars*    Unequal.     Difhmce   I'f  19"^,  pretty  accu^ 
rate» 
4? •  fe  Herculis^  fl.  86. 

Oa.io^        Double.    ExceflExvely  unequal;    The  fmall  ftar  is 

yfl^     pdt  vifible  with  227,  nor  with  278.    I  law  it  very 

well  witk  460V    L«  inclined  to  pale  r. ;  S.  d.    Dif- 

iftance^  by  pretty  exad  eftimation,  18'^.    Pofition^  by 

very  exdift  eiffimation^  yf  f.  preceding. 

4»v  Tn  confiellatioi&e  Hferculis.^ 

Oa.io,        Dbuble.    It  is  a  ftar  juft  by  v.    Confiderably  unc* 
1781^      qual.    L.  inclined  to  r. ;  S. inclined  to  blue»  Diftance 
18^  F9'^    Pofitioa  4''  58'  n.  preceding* 
43.  ^Etidiuni,.  9L.iiIdma^    br  engine  fluviL 
oa.aa.        Double.    It  is  Ae  middle  of  three  teleftopic  ftars#^ 
ijSu     Veny  i»€q;aaL    L.  w. ;  S.  iv 

44n  Im 
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4+.  In  conftesllatjone  Tauri,  near,?!,.'*,    r    --      .'•:  -  t  .    - 
Dcczi^        Double.     It  is  a  fmall  telefcopic  ftar  {buth  fol 
J78U      Jovving  s.    Extremely  wnequaL  .  L.  w, ;  S»  d. 


•( 
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I    J'Herculis,  fl.  11.     In  finiftro  humero. 
^00,9,      '   Doyble. .  '^^xtremely  unequal.  ,.L.  yfxi  S.  inc\m- 
1779-      ing^  ta  r. ''Piftance  SS'^/i-  ,  iP^fition  7^^   z.8'  f. 
following.      ^,  ;.  ,.^      ..      , 

2.  *CLyrae,  fl.  6.  \.  .  .  .    j"  .  ^ 

jVu^.29,         Double...  Pretty. uueQual.  .JL.w. ;  S.^w. Inclining 
^779*      to  pale  pfe  colour,     Diftance  41'^  58''%  perhaps  a 
little  inaccurate.     Pofition   62^  18'  f,  follpwing,  a 
little  inaccurate.  ,  ,..»; ' 

3.,  *  iS  Lyrae,  fl.  10.     Duaruxn  in  jugiment9;bo/^. 
Ang.29,    .     Quadruple.     AH  w.     Firft ajxd  fccftp^  confiderably 
1779-       unequal.     Firft  and  third  very  unequal;     Firft  and 
fourth  very  unequal.     The  fecond  a  little  inclining 
to   r.     The  third  aixd   foij\rth^fjq;iorc  incjinifl^  to  n 
•    Diftance  of  the  firft  andtfepjwj^  4s3(f^57'^^*.    I^^irtajpi^^ 
60^-28'  f.  followine^  a  little  inaccurate.  ^ 

4.  J  Cephei,  FL.  27.     Sequitur  tiarapa.       ,,  .      . 
Aug.31,         Double.     Confiderably  upeqi\al.     ^  re^difh  w. ; 

» 779-      S.  blueifh  w.  ,' Diftai^^e  38"  i.8''Vifi. V)gJ»t  objeft.   . . 

5.  t  JS  Cjrgni,  PL.  6,.    ,In  ore,,         ,  ,    .      .  1  ',  /  . 

SepM2,   '     Double.     Coufiderably  unequal,    L.  pale  r. ;  S.  a 
1779*  ^     beautiful  blue.    The  eftimation  of  the  colours   the 

fame 


'/■'••  Jatne'wlth.'2a7'and  46o.'J'DiAance  35!"  ji"',  pretty 
■■■■■■  aoctimfe*     Miwti'^h'^  i9'ln.'fo\\owtAgv^'' 
«;'**vSfedi'|)ft,:'Tf/.'*4f.'  IJ^ariiitt  aiti}a€entiura''.W6fe  frontis, 

Sept.  19,       '  tteuljle.  .  •  V^ry  VihcqiJftL      Both  w.  '•  Diftance 

•  «779«     '58^  icr^i  prkty  accurktei  '  Pdfitibh  ■  ^^^  28'  n.  pre- 

•  '     --'-■  cedittg^  --'  "j  ■'  (-•         -'fi  <  •'•      {.'  ■"  '  ^  T'<^ 

7.  /»^  Sagittarii,  fl.  13.     In  fummo  arcu,  bori&tis'.   '•' 

Scpt.19,         Treble.      Two    frriall   ffiars«'iieai?   on   eich'   fidki- 
^779«       Lri  w. ;  S.  both  r.     Diftance'  of  theneareft  about 
30''.     Pofitioa  ^.  preceding,  the  other -^  following. 

8.  xHerculis,  fl.  7.     Jn-4extri  brachii  anCOne;    -^^^  » 

Sfcpnaoi         Double,  *'A  littleunequal.     £.. rv }  S/gHf ner;  or 
I779*       Li.  pale  r. ;  S,   r.   (when  the  ftars  ^f^vJow  the  firft 
eftimation  of  the^  coteurs  will  take  place).     Diftance 
39^'  S9''^    Pofition  79^  37^  n.  following.    Has  alfo^ 
alhird  ftar.  1 

9.  /Bootis,  FL.  M.     Trium  in  finiftra  manu,  media; 

Scpt.27.         Double.     Very  unequal*     L.  w. ;  S.  d*     Diftance 
>779«      37'',56#     Tins  is  not  a  mean  of  the  meafures ;  for  I 
fufpeft  a  motion  in  one  of  the  iftars^  which  another 
year  or  two  may  ftiew.   Pofition  52°  51/  n;  following.. 

10.  *  JOripnis,  FL.  341     Triumin  cingulo  praecedens. 

Oa.  6,         Double.    Confiderably  unequal.    L.  w.  j  S.  blueifli 
>779*      r.     Diftance  S2'\c^6i  full  meafure.     Pofition  83"*  lol 
n.  preceding., ,         '  '  ';      ' 

11.  +  ¥  Draconis,  fl.  24.  and  15,     In  ofie  duplex.:: 

oa.  19,         Double.     A  little  unequal.     L.  pale  n  ;  S.  pale  r. 
'779'      Diftance  54"^'  48'''.     Pofition  44''  19^  n.  preceding.. 

From  the  right  afcenfion  and  declination  of  thefe 
ftars  in  ejlamstead's  catalogue  we  gather,  .that  in 

his. 
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his  time  their  diftaoce  was  i'.  ij.''^i^ ;  their  pod- 
tioQ  44.**  23'  n.  precedmg ;  dieir  mag^tude  equal  or 
nearly  ib.  The  4iHeretioe  in^;  jthe  ;dij^ce  of  the 
two  ftars  is  fb  oonfiderabiey  that  we  q^n  hardly 
account  for  it  otherwiie  than  by  admitting  a  proper 
motion  in  dther  one  or  the  other  of  the  ftars,  or  in 
our  folar  fyftem ;  moft  probably  neitbeir  of  the  three 
.   isatreft, 

1 2*  *  X  Arietisy  fl*  9.    la  vertioe. 

Oa.309        Double.    Confklerably  unequaL    L.  pale  n;   S« 

1779.  dulky  garnet,    Diftancc  36''  44^',  a  little  inaccurate. 
Pofition  j^  d  n.  following. 

15.  f  Tauri,  FL;  5Z.    Borea  fequeotis  latetis  quadrilateri  in 

Cervioe. 
Oa.  30,        Double.    Difbince  55^^615,  inaccurafie. 
1 4«  In  conAiellaticme  Monocerotis. 

Dec.  5,         Multiple,    It  is  a  fpot  over  the  right  fore-foot ; 
1779*      4  or  5  foaall  {^ars  within  one  minute. 

15.  c  Urfae  majoris,  fl.  i6. 

May  2,  Double.    Very  unequaL     L.  whitiih  r. ;   S.  d. 

1780-      Diftance  with  460,  48''  59"'.    Pofition  80"  47'  f. 
preceding. 

16.  0- Pifcium,  FL.  76.    Duarum  in  ore  pifcis  iequentis  bo« 

realior. 
Aug.  3»        Double.     Extremely  unequal.     L*  pale  r. ;    5. 

1780.  dufky  r.    Diftance  48'^i25,  pretty  accurate^     Pofi- 
tion 1 5"^  28'  n.  preceding. 

17.  ^  Andromedae,  fl.  29.    In  dextro  huraero. 

Aug  25,        Double.    Extremely  unequal.    L«  w«s  S.  blueifli. 
1780.      Diftance  34''  i2%  inaccurate. 

7  i8* 
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18.  i»  Cafliopeac,  fl.  i8«    In  pedore. 
A^.3ij        Double,    Extremely  unequal.    L.  pale  r. ;  S.  d. 

1780.      Diftance  52^^812.    Pofition  40""  58'  n.  preceding. 
79.  yHerculisy  pl.  20,     In  dextro  brachio. 
fiept.  4,      .  Double.    Extremely  unequal.    L.  reddifli  w. ;  Si 
1780.      r.    Diftance  41'^  49''',  ^  little  maccurate.    Pofition 
1 9**  30'  f.  preceding* 
2p.  ^Pegafi,  FL.  I. 

Sept.  89         Double.     Very  unequal.    L  pale  r. ;  S.  d. ;  Dif* 
1780.      tance  37^'  5''^,  pretty  accurate.    Pofition  38^  19'  n. 
preceding. 

21.  r  Aurigacy  fl.  29. 
Sei]ta6.        Double,  about  20^^ 

22.  X  Aurigae,  fl.  15. 

Sqit30b        Multiple.    Two  arfe  within  about  30^^ 

23.  In  conftellatione  Ononis. 

oa.io.        Double.    It  is  a  ftar  fallowing  j^    I^ance  about 
1780.      40'' 

24.  In  conftellatione  Ceti,  FL.  37. 

oa.  I  a.        Double.    It  is  a  ftar  between  9  and  9  towards  thd 
1780,      north.    Diftance  42^^81 2,  inaccurate. 

25.  r  Orionis,  fl.  20.  fupra  talum  in  tibia. 

oa.  23,        Double.    Very  unequal.     Diftance  about  30'^    . 

26.  b  Leonis,  fl.  6.  ,     . 
Feb.219        Double.     Very  unequal.    L*  r. ;  S.d.    Diftance 

*78i.      35''  48'^'.    Pofition  12**  55'  n.  following. 

27.  In  conftellatione  Librae,  near  fl.  31. 

May.24,         Double.    The  moft  fouth  of  three  fhiall  ftars  in 

i78».      the  finder.     Equal,    or  the  preceding  rather  the 

largeft.     Both  w.  inclining  to  pale  r.     Diftance 

44'^  12"^,  a  little  inaccurate.    Pofition  40""  17'  f. 

following. 
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28 •  In  conftellatione  Ccphei. 

May*27,        Double.     It  is  d  ftar  near  j8»    Extremely  unequal. 
i?^'-      Diftance  about  yof\  ' 

29.  V  Serpentis,  fl.  ^^.    Fo^  dextrum  femur  Serpentarii, 
Jaly  16.        Double.    Unequal.    Diftance  about  35'^. 

30.  In  conftellatione  Serpentarii,  fl.  53. 

July  19,         Double.     It  is  a  ftar  between  »  and  fi  one-third 
178  ^»      of  the  way   from  u.     Very   unequal.    L.  w*;  & 
indkiitig  tjo  r.  •  Diftance  3^''  a-t^    narrow  -  mea^ 
iuMw 

31.  In  conftellatione  Aquilae. 

July  19,        Double.    It  is  the  ftar  next  but  one  peeceding  f. 
1781.      Very  unequal.     L.  r. }  S»,d.     Diftance  about  30'^ 

32.  a  Andromedse. 

Julyaiy        Doubfe*      Eixtremdly  Unequal.     TUe  fmall:  ftar 
i?^'*      better  with  460  than  with  227.     L.  w. ;  S»  d.     Dif- 
tance ^jf''  ^t''\   rather  narrow  meafure.    Pc^tion 
10^  37'  f.  preceding. 
3,3.  i&  Aquilas,  vis.  i^. 

j<Ay.±S^        Double^   Unequal.  Both  pale  r.  Diftance  3^$^^ 
1781-      inaccurate. 

34.  In  conftellatione  Aquila&y  near  fl,  28. 

July  25,        Double.    It  is  one  of  two  ftars  near  A«    I^fl^ce 
1781-      about  35^ 

35.  In  conftellatione  Aquilse. 

July  25.        Double.    It  is  a  ftar  near  diat  which  follows  6m 
1781.      Very  unequal.     Diftance  about  40'', 

36.  0  Scuti,  FL.  2.  in  conftellatione  Aquilac 

July  30,        Double.    Very  unequal.'    L.  pafe  r. ;  S.  d.    Dlf^ 
1781.      tance  4a''  44%  a  little  inaccurate* 

37. 


37*  u  Coronas,  fl.  i8. 

Scpt.ax,  Treble.  Very  lanequal.  L.  w.  i  S.  bofti  r.  Dif- 
1781.      taftce  of  the  neareft  about  50'^ ;  the  if  tnla.  J 

38.  InconficliationeHerculi^,  FL.  23. 

Sept.ax,  Double*  It  is  the  ftar  between  y  and  ^  Coronas, 
'78i*  the  largefl  of  a  tele£copic  triangle.  '  Diftance 
36''  ^Y'\  rather  narrow  meafure.  L.  w. ;  S.  w* 
inclining  to  r. 

29*  «  Lyrae,  fl.  3.     In  tefta  fulgida. 

Sq^a4.  .  Double.  Exceflively  unequal.  B^  naobn-light  I 
«^78'«  could  not  fee  the  fmall  {bur  with  278,  and  faw  it  with 
gxeat  di^cuky  with  460 ;  but  in  the  abihtce  of  the 
moon  1  have  feen  it  very  well  with  2^7^  L^  fine 
brilliant  w.i  S.  dulky.  Diftance  if  if\  Pofi- 
tion  26^  46^  f.  following. 

Oft^aiy  Having.  odSten  meafured  the  diameters  of  many  of 
^78^'  thapriticipai  fixed  ftars^  and  having  always  found  that 
they  meafuf oi  leifs  and  kfs'  the  more  I  magnified,  I 
fixed*  upoa  thi&  fine  ftar  for  taking,  a*  meafure  with 
the  lugheft  power  I  have  yet  been  able  to  apply,  and 
upon  the  largeft  ffcale  of  my  new  micrometer  I  could 
conveniently  ufc.  With  a  power  of  6450  (deter-* 
mined  by  experiments  upon  a  known,  objefl:  at  a 
known  diftance)  I  looked  at  this  ftar  for  at  leaft  a 
quarter  of  an  hour,  that  the  eye  might  adapt  itfelf 
to  the  obje£t;  having  experimentally  found,  that 
the  aberration  by  this  means  will  appear  lefs  and'lefi^, 
and,  in  the  tetefcope  I  ufed  dpon  this  occafion  with 
powers  from  460  to  1500,  will  often  quite  vanifti,^nd' 

^   In  »  fiiture  colleAion  the  fmaH  ftar  at  th^cAytuTe  angular  poiilt  will  be  found 
as  a  fiottble  itar  of  the  fecond  or  third  clafs. 

U  2  leave 
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leave  a  very  well-defined  circular  di(k  for  the  apparent 
diameter  of  the  ftars.  The  diameter  of  a  hyre^j  by 
this  attentdoxi,  appeared  perfedly  round,  and  occa- 
fionaliy  feparated  from  rays  that  were  flaftiing  about 
it.  From  the  very  brilliant  appearance  of  the  ftar 
with  this  great  power,  and  a  pretty  accurate  rough 
qplculation  founded  on  its  apparent  brightnefs,  when 
obferved  with  the  naked  eye  with  227,  with  460, 
with  6450,  I  furmife,  that  it  has  light  enough  to 
bear  being  magnified  at  leaft  a  hundred  thoufand 
times  with  no  more  than  fix  inches  of  aperture,  pro- 
vided we  could  have  fuch  a  power,  and  other  confi- 
derations  would  allow  us  to  apply  it.  When  I  had  as 
good  a  view  as  I  expected  to  have,  I  took  its  diameter 
with  my  new  micrometer  upon  a  fcale  of  eight  inches 
and  4428  ten  thoufandth  to  i^^  of  a  degree,  and  found 
it  fubtended  an  angle  of  0^^,3553.  I  had  no  peribn 
at  the  clock ;  but  fuppofe  the  time  of  its  pafiing 
through  the  field  of  my  telefcope  (which  in  this 
great  power  is  purpofely  left  undefined,  and  as  large 
as  pofiible)  was  lefs  than  three  feconds*. 
40*  y  Lyrae,  fi*.  8. 

8cpt.a4,        Treble.     Extremely  unequal.     L.  w. ;  S.  both  d, 
i78i*      One  n.  preceding,  the  other  f.  following.    Diflance 
of  the  folbwing  fhr  56''  4f'\  a  little  inaccurate* 
Pofition  of  the  fame  28''  zf  f.  following. 

41 .  A  Perfei,  fl.  43 » 

Scpt.a4.        Double,    Unequal.     L.  w.     Diftance  about  50". 

42.  In  conf^ellattone  Lyrae. 

Scpt.as>        Double.    It  is  a  fmall  ftar  jufl  by  n.    A  little  ui>- 

equal 
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1781.      equal.     Both  r.     Diftance  38''  %''\    Pofitlon  26°  18' 
n.  following. 
43*  In  conftelUtione  Cygni,  fl.  76^ 

0€t.  I,  Double.     It  is  the  third  ftar  from  f  towards  lu 

1781.      Unequal.     Diftance  48'^  by  exadl  eftimation.     Fofi- 
tion  —  preceding. 
44.  In  conftellatione  Cygni^  vl.  dp.  ^ 

oa.  r,  Treble.    Very  unequal.     L.  W.  j  S.  both  reddFfh. 

1781.      Pofition  both  — ^ —  preceding* 
45-  In  conftellatione  Cygni. 

0€l  I,  Double.     It  is^tHe  moft  fouth  of  two  telefcopic  ftars 

1781.      following  r.   Very  unequal.    L.w.  rS.  d^    Diftance 
44^"^  by  exa<fl:  eftimation.     Pofition  *  ■    »  following. 
46.  c  Cygniy  fl.  \6.     x*  ad  r. 

oa.  J,  Double.     It  is  the  ftar  next  following  6.    Almoft 

»78i.      equal.     Both  pale  n.    Diftance  30^'  by  pretty  exaft 
eftimation. 
47*  c  Cygni,  fl.  26.  2*  ad  a 

oa.  8,  Double.     Very  unequal.     L.  reddifti  w. ;  S.  dulky 

1781.      r.     Diftance  59-'  by  pretty  exad  eftimation. 

48.  ♦  In  conftellatione  Pifcium. 

oa.  8,  Double.     It  is  a  telefcopic  ftar  juft  hy/Q  north-- 

1781.      wards-     Both  di     Diftance  about  45^^ 

49 .  ♦In conftellatione Arietis,  fl.  30. 

oa.  15,         Double.     It  is  a  fmall  ftar  over  the  Ram's  back 

1781.      Nearly  equal.     Diftance  ^1'  6''\  inaccurate. 
50^  y  Leporis,  fl.  13.     In  pofterioribus  pedibus  auftHna. 
0&.i%j        Double.  Confiderably  unequal.  Diftance  about 40' - 
51.  In  conftellatione  Sagittal. 

NoT.239         DouJ3le.     It  is  a  ftar  north  following  f.    ExtremeH 
1781.      unequal.    Diftance  ^t/'  d^%"\    L.  r. ;  S.  blue. 

4  SvIXTH 
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SIXTH    CLASS    OP    DOITBLE    STARS. 

1.  0  Ccti,  FL.  68,    In  peftorcnova, 
08l.  2o.        Double.    Very  unequal.     L«  garnet.    S.  duikjr^ 
*777-      TVii  r  oiean of  fome  very  accurate nMaivresi '44/^,2 1 8 

*  L  meanof  other  very  accurate  meafuresi'  5  3.^,03  2# 
As  I  can  hardly  doubt  the  motion  of  this  ftar^  I 
have  given  the  mean  of  the  moft  accurate  m^ures 
feparately ;  and  hope  in  a  few  years  time  to  be  able 
to  ^ve  9  better  account  of  it. 
%.  0  Serpentarii,  fl.  67. 

Aug.  29,  1779.    Double.    Diftance  about  li  inia« 
3.  iJjyrXf  FL.  IX. 
Aug.29,         Double.    Extremely  unequal.     L«w.;$.  d.   Dif«- 

1779*      tance  about  4',  pretty  exad  e{iiniatioQ« 
4*  u  Capricorntt  fl.  5. 

Sept.  19,         Double.    Very  unequal.     L.  r.;  S.  d.    Diflance 
i779^      about  ij  min.     Pofition— —  f.  preceding. 

5.  In  CQnftellatione  Anetis,  fl.  35.  fupradorfum, 

Sept. 2  7,      *  Double.    It  is  the  ftar  in  the  body  of  the  fly. 
1779-      Diftance  2'  5''  35^^^ 

6.  c  Capricorni,  fl.  39.     Duarum  in  edudlione  caudas  prasced. 
Scpt.27,        Double.    Unequal.    L.   pale  r.    Diflance  about 

1779-      I J  mill. 

7.  *  T  Tauri,  fl^.  94.     In  edu£):ione  cornu  borei. 

oa.6.         Double.    Diflance  i'  11  ^',2 5'^',.  pretty  accurate 
9.  K  Tauri,  fl.  59. 
oa.  6.         Double,    ^t  a  con^era))lediftan,ce« 


of  Dcuble  Stars.  i -j 

9.  *  f  Geminorum,  fl.  43.     In  finiftrd  genu  fequentis  If', 
Oa.  7,  Double.  Very  unequal.  L.  reddifh  w. ;  S.  dufky  r.. 

1779*      Diftance  i'  31'^  52'^^  rather  full  meafure.     Pofition 
•8t*  14'  n.  preceding. 

10.  ^Cygni,  FL.  31.     Duarum  in  dextro  pcde  fequens* 

N<^^.  2;  Double.    Confiderably  unequal.     L.  pale  r.     S* 

*779*      blue.     It  is  the  following  ftar  of  the  two  o^s  that  are 

clofe  together.      Diftance   i'   39"   57'^^      Pofition 

87*"  i^'  f.  preceding. 

X  r.  *  a  Leonis,  FL.  32.     In  corde. 

N0V.14,         Double.     Very  unequal.     L.w. ;  S.  d.     Diftantfc 

1779*      2'  48''  2o'^^    Pofition  30^  ^'  n.  preceding. 
12.  *  r  Leonis,  fl.  84.     Quafi  in  cubito. 
April  69        Double.     Comfiderabl^'  unequal.     L.   r.;   S.  in* 
1780.      clining  to  blue^     Diftance   1'  z%^'  J^t^'\    Pofitioft 
73"*  Z9^  f*  following^ 
j^.  0  Leonis,  fl«  95.     In  extfemitftte  caudas. 
April  6»         Double.     Extremely  unequal.     I^  xeddifti  w. ;  S» 
>78o-      d.    Diftance  al>out  xf  mift.  Pofitioo  about  Sq""  n.  fot 
lowing^ 
14.  19  Serpentisy  fl.  58*    In  cauda. 
Jiiiieip,        Double.    Extremely  unequal.    L»  pate  n;  S.  d^ 

1780^    -Diftarice  t'  21"  a"\    Pofition  9**  7'  f.ibllowing* 
1 5*  In  OMkfteiratibne  Bodtis^  near  fl«  6* 
June  25,        Double.    It  is  a  telefcopic  ft:ar  near  that  which 

>7^«      forms  a  reflangk  with  <k  and  9.    Diftance  about  2^ 
s6.  ^Bootisy  FL.  49.    In  dextro  bumera 
Julji^f        Double.     Confiderably  unequal.     Diftance  about 
1780.      x\  min.  •  L.  reddiflk  w. ;  S»  w.    Pofition  5""  46'  n« 
fallowing;. 
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17.  fi  Bootis,  FL.  s  1  •    In  baculo  rccurvot 

July  30,        Double.    Unequal.    Diftancc  2' 8",  exadeftima- 

1780.      tion.     Pofition  So"*  25'  f,  following*    L.  rcddifli  w. 

S.  pale  r.     See  the  1 7th  ftar  of  the  firft  clafs* 

18.  y  Coronas,  fl.  21. 

July  30,         Double*  .  Very  unequal.    L.   r. ;  S.  garnet.     At 
1780.      fome  confiderable  diftance.     Pofition  about  80^  n. 
following. 

1 9.  %  Perfei. 

Aug.  %9         Multiple.     An  aftoniftiing  number  of  fmall  ftars 
1780.      all  within  the  fpace  of  a  few  minutes.     I  counted  not 
lefs  than  40  within  my  fmall  field  of  view. 
so.  [i  Perfdi,  fl.  51.    Duarum  in  dextro  poplite  iequens. 
Aug.  2,         Double.  Very  unequal.  L.w.    Diftance  about  i'}# 

21.  lyPegafi,  FL.  44. 

Aug.d3.        Double.     Diftance  about  2}  min, 

22.  In  conftellatione  Draconis,  i.  H£V£l  11  69. 

Aug.  7,         Double.    It  is  the  ftar  between  a  Draconis  and 
x7'8o.      the  tail  of  Urfa  major.    Diftance  about  3!  min. 

23.  In  naribus  Lyncis. 

Aug.  7*         Double.    Diftance  about  2\ 

24.  d  Ca£iopeae^  fl.  4. 

Aug.ja,        Treble.    Two  are  large*    Diftance  about  2'.    A 
X780.      third  is  obfcure.     Diftance  about  x|  min.     They 
form  aimoft  a  re^ngle. 

25.  In  conftellatione  Caffiopeas,  fl.  3. 

Aug.  18.         Double.    Diftance  about  2  i  min. 

26.  f  Sa^tts,  FL.  II. 

Aug.  1 9,        Double.     Very  uneqOal.    L.  r. ;  S.  r.  inclining  to 
1780,     blue.    Diftance  i'  31''  S3''\    Pofition  8^  3a'   f. 

following* 

27. 
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27.  In  coiiftellatione  Aquila?. 

Aug.24.        Double.      It  is    a    Aar  north  of  6.     Oiftance 
about  i^. 

28.  /8  Capricorniy  fl.  g.    Trium  in  fequente  cornu  auftrina. 
Aug.a6»         Double.     Confiderably  unequal.     Diftance  about 
'  «78o.      3'.     Pofitloa -preceding. 

a9«  V  Capricorni,  wl.  10.    Trium  in  roftro  prsecedena. 
Aug.  26.        Doubl6.    Diftance  about  zi  min. 

30.  a  Aurigae,  fl.  13.    In  humero  finiftro. 

Sept.  8,         Double^      Extremely  unequaL     L.   w. ;    S.   d. 

1780.      Diftance  2'  49"  8"'.     Pofition  33°  42'  f.  foUowing. 

With  a  power  of  227,  and  my  common  micrometer, 

the  diameter  of  this  ftar  meafured  z'\$.    The  cir- 

cumfereace  vnA  remarkably  well  defined. 

31.  i/Tauri,  fl.  88*    In  iiniftro  cubito» 

Sept.24,        Double.    Diftance   i^   10^^62^.     A  little  iaac« 
1780.      curate. 

32.  X  Cjrgpi,  FL.  54* 

5ept.209         Double.     Extremely  unequal.     L.  blutifli  w. ;  S. 
1780.      d.    Diftance  about  i  min.    Pofition  iz""  42^  f.  fol- 
lowing. 
^^.  In  conftcUatione  Cygni,  fl.  32* 
Sqit.20.        Double.    Difl^nce  about  2  min« 

34.  0  Auriga^  fl.  37.    In  dextro  carpo. 
Sept  26.        Double.    Diftance  about  2i  min# 

35.  In  conftsellatione  Camdopardali,  fl.  i3« 

SepLoS.        Double.    It  is  the  ftar  over  the  goat's  head.    Dif^ 

1780.      tance  about  2^ 
36*  In  confliellatione  Camelopardali^  fl.  id. 
Sept.3o.        Double.    Diftance  about  i }  min« 
Vol.  LXXII.  X  37; 


37.  c  Draconis,  FL.  46.    In  flexura'6^Bi  I 
oa.  3.         Double.    IMance  ^ or •4'". .  A'rtch  fpot^ 

38.  e  Draconic,  fl.  64  or  65* 

Oa.  r        *  Doubfe. ' .  Diftance  abaut  2\      -  r  .   •  .   . 
3'^.  *a  Orioiiis,  fl;  ^^i     Ki  diextrorlwitniro  Iticyk^  futilan^..  ^   . . 
oa  ic.         Double.     Extreriicfy  utiequafc^   'lU.'*.  but  not  dfefep*;; 
1780.     '^Sid.    Diffarrce2^6^''2^^^    Pbfia>a'6a?  b^T  L  fij^ 

lowing;:-  ■     ' 

40.  ^Leporis,  ff.  1^3^  •  •  -      •  '  ^      •-  -  •  *'^  t    .       / 

licb,  21,  *i7Si.  Dmlbte;'    Diffaiiie  abouf-iaf^ttiru 

F<tb.ai>_      i^ublfe..    Vety'THieqtKiri    E^.  rtdfflfli- w.-;   Si  cL 
1^^.   *  Difhnce  j/  35^  59^'.     Pbfitioa  5<^  33!  »;.  prec^diog^ 
4>2.  jS  Gemkiiii'um,.  shi.'y^  'ltr«plteieqjkMati^S^' 
Mar.  1 5         Multiple,     fittrertteljr  iliie<|ua^ 

24**  281'  m  following^  not  ejrtremely  BC&oMtt^  This 
i&  the  fmallcfL  Tfee  next  difteow  3.^  By/'  *9'^^* 
pretty  accfurato.  Pofition  15?  5.6^  m  fbilowii^  A 
third  F  did  •  not  meafbrc.  ' 

43.  fi  Virginis^,  fe.  5T.    Dfc  qviatuor  uitrma^etiftquens* 
Mayi49        Doublcw.    Extremely^  mvequdk    £#«w^;  Sl:(K.  Dijfr 
178  K      tance   i^  3^'  ^^^^^  inaccurate.-    Foifi^oiiK  24"*  5,5^  lu. 
preceding*^  -     . 

44«  /  Libiae,.  fl.  24?.  <  i 

¥»JM»        Double.    Vfery^  tmequ^     Jfc.  w;?.   91  dtiflk^  n. 
i7*»>      Dilfence  1'  5^'  lo'^^v  not  aecutate^    Pdfltioa  lo?  3*' 
£  jbllowing. 
45*  la  conAelktione  AndronaedSse; 

Jaly2»»        Double;    It  ka  ftarnean  t5W2t^^    L..n.    DI& 
1^8 r..      ance  about  li  min« 

4«. 


46.  u  Aquilac,  FL.  ^^.  , 
July 23^  :     PeuWfr    f^tffleiaely  un^qu^-    L.  W^l  S.  d.   Drf- 

47.  In  conftellatione  Aquil^  pp^v  Ff .  t3jS»        ' .  .      *'    ^ 
J«*yas,  **     'Dowtfe^  /fc;is^4CMWJ  of.  rhf  prccediij^  ft^s  of  a 

'78'-      fmall  quarlile^oj^^^i  i&ol  rery  uear,  .  , 

48.  Ill  conftellatione  A^«il»H  fte?^  ^?f*'35*   ;k  >  ^ 
^J^  *S»  c     I^«W*    6  «  ^1^9  ^g  9^  4ie  prQcp4ipg  ftars  of  >i' 

'781.      fmall  quartile  near  r,  not  very  near.* 
49*  In  conftellatione  Aquilse. 
Julf  xS.    .    'Do!»tilQ»   i  T^ ^o(l9wu)g  ft^r  of  a  txapezium  oear*l. 

$Od  la  coflftoUfttioile  Aftv^aE;.  .   ,    -  .  r 

_^^_      **      "•  •'^\>     •»)      •     ^ 

July  a6.         Double*    The  following  ftar  cjf  a  tji^^j^ium  near 
^78^      1.  not  near.  . 

Avg.5,         P^ub^e*.    It  }»  9  ftar  Qear  the  middle.  ^  The  fol- 

«78«.      lowmgof  two,not.y:^^§j^r.  *,    \  '*      . 

c  2.  In  conftelladone  BootiSf  ', , 

Aug.  17,        Double.    It  is  a  ftar  \)pf!WGe;n.  t  au4,^.    Diftahce 

«78ii,    {t^v^  iV  Unequal. 
53..in.opnAeIia^W».Boo|is.   ,      •  ^     .      ^,;^..     '^;  ^' 

Jii^iU  n   iE>q^ble.    |tif»  ft  ftar<i^f»i&Uth  thaa  (V  .  DiftahCQ 

54.  In,  fXKlAlBfU^ti^Qc  S^i{)9Qtarii# 
Aiig.2i,        Double.    It  is  a  ftar  apn  (b\ith  than  0# '  Difhncc 

•     •  •     -  , 

55*  In  conflellatione  Cafliopeae,  fl»  2« 
Sq>c.  6.        Double.  It  is  a  ftar  near  e^,  L.  r.   Dift.  within  i^i^ 

Sept.25,        Double.    Veiyuoegtial.  ,L..w.;  S.  inclining  to  r. 
.»7Si*     Diftance about  li  min.    PoTuibh-^^nl  following. 

Xz  57'  la 
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57.  In  conftellatione  Cygni,  fl.  79. 

.  Oa.  i»         Double.     It  is  the  fifth  ftar  from  ^  to  v.    UoiequaiL 
»7f^      L.w.^  S.  p^le  r.     IXftance  V'  40'^  edimation. 

58.  In  conftellatione  Aquarii,  fl.  5. 

t>a.5^  Double.    It  is  the  moft  ibuth  of  two  In  the  arrow 

J 78 1,      of  Antinous.     Diftance  above  i'.. 

59.  In  conftellatione  Cygni,  near  FL.  28. 

t)£^.5,  ^        Double.    It  is  a  ftar  near  K    Dli^nce  73''^  exaifl^ 

i78i»      eflimation. 
6.0^  In  conilellatione  Cygni. 
Oa.  8,         Double.    It  is.  a  flar  near  the  fecoul  c.    Gonfi^ 

i?^!*      derably  unequal.     L.  w..f  S.  d.     Diftance  8&'^,  exa^b. 
eflimatiom 

6 1 .  In  conftellatione  Pifcium,  near  fl.  7^ 

Oft.  8^         Treble*    It  is  a  ftar  preceding  K    They  form  a 
i?^!-      triangle,  each  fide  of  which  is  about  i:^; 

62.  liPifcium,  fl.'S.    In  ventre.' 

oa.  8.         Double.    Diftance  near2^« 
€^.  In  conftelktione  Sagittae. 

Od.i2»        Double.    It  is  near  the  ftar  north  following' s^ 

iTJBi.      Extremely  unequal.    L.  w^  inclining  to  r.;  S.  d^ 

Diftance  1^30"  $(f'\    Pofittbn  4**  ^  f.  preceding. 

A  third  ftar  in  ^e  fame,  diredioo,  at  a  little  more 

.  than  twice  the  diftance...   A  fourth  .ftar  m  view. 

64.  Bi  oonftellatidhe  Fridani; 

oa.a2.        Double.    It  is  the  fmaH  ftiar  near  r..*  Diftance 
1781-      about.  1 1  mio. 

65.  In  capite  Mbnocerotis. 

oa;. ast        Multiple.    It  is  one  ftar  with  at  leaft- 1^  around  it^ 
1,781.     allwithiathefield  of  my  tclefcope. 
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(6.  ft  Tattri>  ^L- 87.     Splendida  la  auflrina  oculo«. 

Dec,i9»  Double.  Extremely  unequal.  L.  r. ;  S.  d.  Dif- 
1781.  tance  1'  2f'  45^'^  Pofition  52^  58'  n.  following. 
With  460,  the  apparent  diameter  of  this  (lar,  when 
on  the  meridian,  meafured  i'^  46^^%  a  mean  of  two 
very  compleat  obfervations,  they  agreed  to  6'^^ ;  with. 
9^32,  it  meafured  \'^  12.'  %  alfb  a  mean  of  two  excel- 
lent obfervations  ;  they  agreed  to  Z''\'  The  apparent 
difle  waspexfedly  well  defined  with,  both  powers.. 


fOSTSCRWT   TO  THE  CATALOGIfS  OF  DOUBLE   8TA«S«. 


SINCE,  my  havmg  delivered  n^  paper  on  the  Parallax  of 
l&e  Fixed  Stars^,  ia  which  I  refer  to  the  above  Catalogue  of 
Double  Star«,  Fhave  received^  by  the  favour  of  our  Prefident 
Sir  jossPH  BANKB^  the  fourth  volume  of  the  Ada  Academia^ 
Theodoro  Palatina&„  which  contains,  a  mofl  excellent  Memoir  of 
Mr.  MAYBR.\,  ^^  De  novis  ia  Ccelo  fidereo  Phacnomenis  ;*^ 
vher^  I  fee  that  the  idea  of  afcertaiiiing  the  prpper  motion 
of  the  flars  by  means  of  fmall  f):ars  that  ar&fituated  at  uogjeal; 
diihtnce  from,  large  ones^,  has  induced  that  gentleman  before 
me  to  look  out  fi)r  fuch  fmall  fhrs-  la  the  courfe  of  that  mti^ 
dertaking  he  has  difcovered  a  good  many  double  flars,  of  which 
he  has  given  us  a  pretty  large  lifl,.  fome  of  them  the  fame  with 
tho&  in  my  catalogue.  My  view  being  the  annual  parallax 
cecjyiiired  flais  much  nearer  than  thofe  that  would  do  tor  Mr. 

MAYER 'i 


Mayer's  pufpofe;  therefore  I  examiued  the' Jienvcns  witlv 
•much  higher  powers,  and  looked  out  diiefly  for  fuch  as  were 
exceedirrgly  dole.      ' '     '■  .     ^ 

''TThe  above  cataFogue  contains  nf)^  dowble  ftars,  227  of 
Hvhich,  to  my  prefeirt  knowledge,  have*  not  been  itoticed  by 
Any  peVfon.  \  hope  tliey  will  prove^no  ineonlTdef-able  addition  to 
the  general  ftock,  cfpeciallyas  in  that  number  theo^'are  a  great 
niany  which  are  out  of  the  reach  of  Mr.  MAYEnVand  other 

ft  ^ 

mural  quadi^nt  or  tranfit  inftrmneiits.  It' xratt' hardly  be  ex- 
pcded,  that  a  power  of  70  or  80  would  be  fufficient  to  dif- 
cover  thofe  curious  ftars  that  are  contained  in  the  firft  clafs  of 
my  catalogue ;  fo  that  it  is  not  ftrange  they  ihould  have  in- 
tirely  efcaped  Mr.  mayer's  notice.  We  fee  that  it  is  not  for 
-want  of  his  looking  at  thofe  ftars ;  for  we  find  he  has  fre- 
-queotlgr  t>Kerve4  .^<^ai»cfi,  the  ftiar-iiear  JPi^yon^  aodtjixeftar 
in  Moftoceros,  without  perceiving  the  fmall  ftars  near  them, 
which.  I  have  pointed  out.  Nor  is  it  only  hi  the  firft  clafs 
that  his  t^lefcope  wanted  pbi^er,  light,  and  diftinftilcfs; 
for/fhe  finall.  ftars  that  are  near  jS  Oribnis,  jS  Serpefatis; 
^  Orion  15,  ^  Pegap,  »  Lyrae,  a  Andromedafe,  /t' Sagittarii,  a 
Ac^uilae,  ,^  Pe^,  ?  J^yrae,  1  Lihrae,  jc  Rfcium^  d  Taurf,.and 
jpany  more,  have  efpaped  his  difcovery,  though  he  has  given 
us  the  places  oY  other  .more'  diftant  rmall'  ftars'  not  far  from 
them,  and  therefore  muft  have  had  them  frequently  in  the 
field  of  view  of  his  telefcope.  In  fettling  the  relative  fitU9* 
tions  of  veryxlofe  double  ftars,  neither  Mr.  MATEtfVmfbu-^ 
ments,  nor  hisi  method,  were  adequate  to  the  putpoic?;  tt  is 
well  known,  that  whenever  we  employ  time  as  a  me^ilSzrey  the 
refults  cannot  be  very  acQurate ;  becaufe  a  mift^e  cff  no  more 
than  a  tenth  part  of  a  fecoijd  in  time  will  produce  sb  'error  of 
St  whole  fecond  and  an  lialf  in  meafure,*  fo  that  liis  *  J9k  nuift 

be 
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hf  ejctremely  defeflive^  Nor  could  his  picrometer .  give  the, 
decimation  muc|i  better  unleis  the  telefcope  had  bore  a  power 
€f  atleaft  4  or  500.  Wheft  the  ajogle  of  pofitioii  is  but  fixiall, 
^h  39  ^f  4^  5,  01;  6  degrees,  and  the  difbiice  of  the  flars  not> 
above  sifew^feconds,  it  is  evident«  tliat  a  naicro^Beter  muft  be  able 
to  riM^uce  tenths  of  a  fecond  at.  ieaft  to.  give  even  a^ tolerable 
exa£i:nf&  of  pofjtibn..  On  the  contrary i  the  polkion  beings 
qiejc&red  widb:  £ich  a  jxikronietfir  as  I  have^conftrufled  for  the 
^rpo&,.  we- m^y  froiai  thepce  deduce  the  deelination^  with^ 
great'coniidence^  true  to  a.  qfiarter  o£  a  tenth,  of  a  ieoondfoc 
every  ieppjad  of  tiae  diftauce  of  the  fbars;. 

Me.  ;)^ AX^^sf-account  of  ^  Gefxiinorum^  for  inftance,  gjves^ 
a  di^^te^oe.  ^i  p^^^Ti  C[f  time  in.  M^  of  3^'^  in  declinatioD^ 
and  q£  i^l^  6;rli>,naagnitx^le  oj^; degree  of  l^t  of  the  ftars;^ 
^X%^/^f?iViiif^^J^^  notation^  and.  cqn^pared  witht 

my  mea&i^s  of  the  lame  ftaiv  g^ve: 


< 

s 
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23^  \4f  ».  preceding  |  ^ 

S 
^     Magnituda  extrenidy  unequal 


(i'\'S^  diametenrlnclodtdw 
!A  little  unequal.. , 


Tb  account  for  this  diffSrence  I^afcribe  Mr.  m-a yAr's  error  ihi 
difianceto  his^  method  of  meafuring  by  time;.  The  ei^ror  ofi 
pofitiott:  followa  always'  from  an  obfervation  of  the  de^Iifiiitlbn^ 
tideen  with  iiie  common  micrometer,  when  itf  is'  dedxiced  from:^ 
an  erroneous  ^ .  In  my  meailires  the  diftance.  and  pofitiiMi* 
arc  independent  of  each  other,  whichrl  lookupon^as  no-imall? 
advantage- of  my  cn^fs-hair  micrometer..  The  error;  inthemagnl-^ 
tlnies  of  the  ftars  1  afcribe  to  the.  want  of  peWfef  ih^  Mr*. 
MAYER^s  tdefcope,  which  did  not  feparatethe  ftaf«far:eneugh-. 
for  him  to  judge  accurately  of  their  fize,  otherwife  Ke  wouldi 
iboii  have  founds  that  inflead  of  five  th^e  is  hardly,  fo  mudi  as^ 

one 
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one  fingle  degree  of  difference  in  their  magnitudes.     Sec  fig.  6. 

for  a  reprefentation  of  thofe  ftars  with  my  power  of  460. 

I  do  not  mean  to  depreciate  Mr.  ma  yer's  method,  the  excel- 
lence of  which  is  well  known ;  and  with  fbme  ftars  of  my 
third,  all  thofe  of  the  fourth,  fifth,  and  fixth  claffes,  as  well 
as  with  thofe  ftill  farther  diftaht,  to  which  he  has  applied 
it  with  admirable  (kill,  and  "  magno  labore,  multifque 
*^  noftumis  vigillis'*  (as  he  very  juftly  expreffes  himfelf)  a 
better  can  hardly  be  wifhed  for ;  but  with  ftars  of  the  iecond 
dafs  which  generally  differ  no  more  than  one,  two  or  three- 
tenths  of  a  fecond  of  time  in  J9i ,  and  can  never  differ  more 
than  four  tenths,  the  infufl3|ciency  of  meafuring  by  time  is 
obvious.  In  regard  to  the  declination,  it  is  alfb  nolefs  evident, 
that  it  is  much  more  accurate  to  take  an  angle^  which  may  be 
had  true  to  2  or  ^  at  moft,  than  to  meafiire  its  tangent,  u^ch 
in  ftars  of  thfe  fecond  clafs  is  generally  no  more  than  2,  3,  or 
4^^  of  a  degree,  and  can  never  exceed  five.  I  do  not  fb  much, 
as  mention  the  ftars  of  the  firft  clafs :  they  muft  certainly,  as 
to  fenfe,  pafs  the  meridian  at  the  fame  inftant  of  time.  Their 
dlftauce  has  even  eluded  the  attacks  of  my  fmalleft  filk-thread 
micrometer  armed  with  an  excellent  power  of  460 ;  but  I  ihall 
foon  apply  my  laft  new  inftrument  to  them  *,  not  without  hopes 
of  fuccefs.  Now,  though  I  have  hitherto  not  been  able  to 
€xprefs  the  diftance  of  the  ftars  of  the  firft  clafs,  otherwife 
than  by  the  proportion  it  bears  to  their  apparent  diameters,  I 
think  it  a  very  great  point  gained,  that  one  of  my  inftruments  at 
kaft  fviz.  the  crofs-hair  micrometer)  has  laid  hold  of  them  : 
for  their  angle  of  pofition,  I  think,  is  within  a  very  fmall  quan- 
tity as  well  determined  as  it  is  in  thofe  of  the  fecond  clafs. 
This  fimple  but  moft  ufeful  inftrument  can,  by  adualmeafure, 

*  For  a  defcriptioB  of  which  ibe  p.  163. 
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dlfcover  hcyoud  a  ilnubt  *a  ^irotiLxa  m  ftWQ  ftara.  that  ace  very 
dole  together,  thougb  it  iliQMWjaiiJo»»4i  tQ.iiQ  laaoi'e  than- a. 
tcnthpartx)f  afcc6iid;Qf  j^iiIeg5«P^  pToviJicdcJthit  moiioji  btlii 
fucli  a  dtreftfou;  ^tba^it  I'tU^l.^fifeftSof  ift  hethrb^vn^uporithe 
angle  of  pofitioav  AvhereiHv  ^^ith  foiw  of  the  ilars  of  the 
firft  clafs,  it  waiild 'occafiou  an  alteratioa  of  lO,  zo^  ^^,  or* 
more  degrees.  , ;. .  \ 

I  have  marked  all  thofe  ftars  in  my  catalogue  which  have 
been  obferved  by  Mr.  mayer  and  other  aftronomers  with  an 
afterilk  ( # )  affixed  to  the  number  that  they  may  be  known  ; 
thofe  with  the  mark  of  a  dagger  (+)  have  been  obferved  by  dif- 
ferent aftronomers  before  Mr.  mayer.  Among  the  ftars  which 
are  not  marked,  will  be  found  feveral  that  have  been  obferved 
by  Mr.  mayer  ;  but,  on  comparing  them  together,  it  will  be 
feen,  that  they  are  obfefvations  of  different  fmall  ftars ;  for 
inftance,  Mr.  mAyer  (Aft.  Acad.  vol.  IV.  p.i4^6.)  obferved  a 
fmall  ftar  near  R^l  at  the  diftance  of  i'o'^5  Jff^  in  time,  and 
2'  55'',2  in  difference  of  declination  north  preceding  Rigel.. 
In  my  fecond  cl^fs  (the  34th  ftar)  we  alio  find  Rigcl  j  but  the 
fmall  ftar  I  have  dWerved  is  one  which  has  not  been  {ctn  by 
Mr.  MAYER,  and  is  at  a  diftance  of  no^more  than  6^  if\  Pofi- 
tion  68°  12^  fouth  preceding;  and /ot •on  with  other  ftars. 

I  have  ufed  the  expreffion  double-Jlar  in  a  few  inftances  of  the 
fixth  clafs  in  rather  an  extended  fignification :  the  example  of 
flamstead,  however,  wiir  fufficiently  authorize  my  applica* 
tion  of  the  term.  I  preferred  that  expreffion  to  any  other,  fuch 
as  Comes,  Companion,  or  Satellite ;  becaufe,  in  my  opinion, 
it  is  much  too  foon  to  form  any  theories  of  fmall  ftars  revolving 
round  large  ones,  and  therefore  I  thought  it  advifeable  carefully 
to  avoid  any  expreffion  that  might  convey  that  idea,  I  am 
Vol..  JLXXn.  Y  very 
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very  well  perfaaded,  tlamstead,  who  firft  ufed  the  word 

Comes,  meant  it  only  in  a  figurative  fenfe. 

I  fiiall  not  fail  to  take  the  firft  opportunity  of  looking  out 
for  thole  of  Mr.  maybr*s  double^ftars  which  I  have  not  in 
my  catalogue,  amounting  to  3 1  ;  and  alfo  for  one  I  find  men- 
tioned in  La  Comoifance  dcs  Temps  for  lyS^j  difcovered  by  Mr. 
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XII !»  Defer pdoH  of  a  Lamp- Micrometer^  and  the   Method  of 
ufin^  it.     By  Mr,  William  Herfchel,  F,  R.  $, 


Read  January  3 1 ,  1782. 

THE  great  difficulty  of  meafuring  very  fmall  angles^  fuch 
as  hardly  amount  to  a  few  feconds,  is  well  known  to 
aflronomers.  Since  I  have  been  engaged  in  obfervations  on 
double  Ilar$9  I  have  had  fb  much  occafion  for  micrometers  that 
would  meafure  exceeding  fmall  diftances  exaftly,  that  I  have 
Continually  been  endeavouring  to  improve  thefc  hiftruments. 

The  natural  imperfeftions  of  the  parallel  wire  micrometer 
in  taking  the  diftance  of  very  clofe  double  ftars  are  the  follow** 
ing.  When  two  ftars  are  taken  between  the  parallels,  the  dia- 
Tncters  muft  be  included.  1  have  in  vain  attempted  to  find  lines 
fufficiently  thin  to  extend  them  acrofs  the  centers  of  the  ftafs 
lb  that  their  thicknefs  might  be  negledled.  The  fingle  threads 
of  the  filk-worm,  with  fuch  lenfes  as  I  ule,  are  fo  much  mag- 
uified  that  their  diameter  is  more  than  that  of  many  of  the 
ftars.  Befides,  if  they  .were  much  lefs  than  they  arc,  the 
power  of  defle£lion  of  light  would  make  the  attempt  to  mea- 
fure the  diftance  of  the  centers  this  way  fruitlefs :  for  I  have 
ahvays  found  the  light  of  the  ftars  to  play  upon  thofe  lines  and 
feparate  their  apparent  diameters  into  two  parts.  Now  fince 
the  fpurious  diameters  of  the  ftars  thus  included,  to  my  certain 
Vaowledge,  are  continually  changing  according  to  the  ftate  of 
^l^cair,  and  the  length  of  time  we  look  at  them,  we  are,  in 
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fome  refpc^Jl,  left  at  an  uncertainty,  and  our  meafurcs  taken  at 
different  times,  and  with  different  degrees  of  attention,  will 
vary  on  .that  account.  Nor  can  we  come  at  the  true  dlflance 
of  the  centers  of  any  two  ftars,  one  from  another,  unlefs  v\e 
could  tell  what  to  allow  for  the  femi-diametersr  of  the  ftars 
themfclves ;  for  different  ftars  have  different  apparent  diame- 
ters, which,  with  a  power  of  227,  may  differ  from  each  other 
(as  I  have  experienced)  as  far  as  two  feconds. 

The  next  imperfe6tion  Is  that  which,  arifes  from  a  defle^^a 

*■     •  '    •  * '      u    ' 

of  light  upoa  the  tvires  when  they  approach  very  near  to  |ach 

other;  for  if  this  be  owing  to  a  power, of  repulfion  lodged  at 
the  furface,  it  13  eafy  to  underftand,  that  fuchrpowers  muft  in- 
terfere with  eadi  other,  and  give,  the  meafures  larger  in  pro- 
portion  than  they  would, have  .Ijeen  if  the  repulfive. power  of 
one  wire  had  not  beeo  oppofed  by  a  contrary  power  of  the 

.other  wire.  

.Another  very  confideDahle  Imperfeftion  of  the(e  micrometers 

is  a  continual  uncertainty  of  the  real  zero^    I  have  found,  that 

the  leaft  alteration  in  the  iituation  and  quantity  of  light  will 

affe^^  the  zero,  and  that  a  change  in  the  pofition  of  the, wires, 

when  the  light  and  other  circumftances  remain  unaltered^,  will 

,  ilfo  produce  a  difference.     To  obviate  this  difficulty,  when-- 

.  ever  I  took  a  meafure  that  required  the  utmoft  accuracy,  my 

^  zero  was  always  taken  immediately  after,  while  the  apparatus 

remained  in  the  fame  iituation  it  was  in  when  the  meafure  was 

taken ;  but  this  enhances  the  difficulty  becaufe  it  introduces  an 

additional  obfervation. 

♦  •    * 

The  next  imperfeftipn^  which  is  none  of  the  fmalleft,  is 
that  every  micrometer  that  has  hitherto  been  in  ufe  r^uires 
either  a  fcrew  or  a  divided  bar  and  pinion  to  meafure  the  dif- 
tance  of  the  wires  or  divided  image.     Thofe  who  arc   ac- 
quainted 
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^^quftinte^WiCh  fe«Jrtcs  of  this  kind  are  btit  too  fcnfible  how  diffi- 
cult it  is  to  have  fcrews  that  (hall  be  perfectly  eqaal  in^very 
thread  or  revolution  of ^  each  thread ;  or  pinions  and  bars  that 
fhall  be  fa  evenly  divided  as  perfedlly  to  be  depended  uppn  in 
every  leaf- and  tooth  to  perhaps  the  two,  three,  or  fouf  thou- 
fandtk  part  of  an  irich ;  and  yet,  on  account  of  .the  fmall  t 
fcale  ef  thofe  micrometers,  thefe  quantities  are  of  thfe  greateft 
confequence ;  an  error  oPa  fingle  thoufandth  part  inducing  ia  > 
laoft  inftruments  a  rtiiftakfe  of  feveral  feconds* 

•The  l»ft  arid  greateft  imperfeftion  of  all  i^i  th«  thftle  wite 
microVheteris  reqtrire  a  pretty  ftrong  light  in  the  field  of  view  : 
and  when  I  had  double  ftars  to  meafure,  on^  of  which  was  very 
obfcure,  I  was  obliged  to  be  content  with  lefa  light  than  is  ne-  - 
ceflary  to  make  the  wires  perfedkly  diftinftj  and'  (evetari^arg 
on  this  account  could  not  be  meafured  at^all,  tb6(lgh  other^  - 
wife  not  too  clofe  for  the  micrometer. 

The  inftfument  I  am  going  to  defcribe,  Which  I  wll   ^- 
Lamp-Micrometer,    is   free  from  all  thefe  defeats,  and  had^  . 
morcoVei*;  to  reconnnend  it,  the  advantage  of  a  very  ei^largqd 
fcale.     The  conftruftion  of  it  is  as  follows. 

ABGCFE  (fig^   i)  is  a  ftand  nine  feet  high,  upon  which  a  , 
fcmi-circular  board  qhogp  is  moveable  upwards  or  downwards, 
in  the  manner  of  fome  fire-fcreens,  as  oceafion  may  require,  and  ! 
is  held  in  its  fituation  by  a  peg/>  put  into  any  one  of  the  holes  . 
of  the  upright  piece  AB.     This  board  is  a  fegment  of  J  a  circle 
of  fourteen  inches  radius,  and  is  about  three  inchest  broader  • 
than  a  femi-circle,  to  give  room  for  the  handles  rD^  ^P,  to  ♦ 
work.     The  ufe  of  this  board  is  to  carry  an  arm  L,  thirty 
inches  long,  which  is  made  to  move  upon  a  pivot  <it  the  center 
of  the  circle,  by  means  of  a  ftring,  which  pafles  in  a  groove 
upon  the  edge  of  the  femi-circle  pgohq  ;  the  ftring  is  faftened 

to-  . 
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to  a  hook  at  o  (not  exprefTed  In  the  figure  behig  at  the  bade  oi 
the  arm  L),  and  pafling  along  the  groove  from  ob  to  q  is  turned 
over  a  pulley  at  y,  and  goes  down  to  a  fmall  barrel  ^,  within 
the  plane  of  the  circular  board,  where  a  double-jointed  handle 
^P  commands  its  nu)tion.  By  this  contrivance  we  fee  the  arm 
L  may  be  lifted  up  to  any  altitude  from  the  horizcmtal  pofition 
to  the  perpendicular,  or  be  fufiered  to  defcend  by  ks  own 
weight  bebw  the  horizontal  to  the  reverie  perpendicular  fitua- 
tion.  The  weight  of  the  handle  P  is  fufficient  to  keep  the 
arm  in  any  given  polition ;  but  if  the  motion  (hould  be  too 
eafy,  a  fri£tion  fpring  applied  to  the  barrel  will  moderate  it  at 
pleafure. 

In  front  of  the  arm  L  a  fmall  (lideri  about  three  inches 
iong»  is  moveable  in  a  rabbet  from  the  end  L  towards  the  cen- 
ter backwards  and  forwards.  A  firing  is  failened  to  the  left 
fide  of  the  little  Aider,  and  goes  towards  L,  where  It  pafles 
round  a  pulley  at  m,  and  returns  under  the  arm  from  iw,  n^ 
towards  the  center,  where  it  is  led  in  a  groove  on  the  edge  of 
the  arm,  which  is  of  a  circular  form,  upwards  to  a  barrel 
(raifed  above  the  plane  of  the  circular  board)  at  r,  to  which 
the  handle  f  D  is  faftened.  A  fecond  ftring  is  faftened  to  the 
(lider,  at  the  right  fide,  and  goes  towards  the  center,  where  it 
pafies  over  a  pulley  n^  and  the  weight  w,  which  is  fufpended 
by  the  end  of  this  firing,  returns  the  Aider  towards  the  center 
when  a  contrary  turn  of  the  handle  permits  it  to  a£l. 

a  and  b  are  two  fmall  lamps,  two  inches  high,  li  in  breadth 
by  I  i  in  depth.  The  fides,  back,  and  top,  are  made  Q>  as  to 
permit  no  light  to  be  feen-,  and  the  front  confifts  of  a  thin  brafs 
Aiding  door.  The  flame  in  the  lamp  a  is  placed  three-tenths  of 
an  inch  from  the  left  fide,  three-tenths  from  the  front,  and 
half  an  inch  from  the  bottom.     In  the  lamp  b  it  is  placed  at 

th^ 
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the  fame  height  and  diftance  meafuring  from  the  right  (ide^ 
The  wick  of  the  flame  confifts  oiily  of  a  lingle  very  thin  lamp^ 
cottoa  thread ;  for  the  &ialleil  flame  being  fufficieut  it  is  eaiier 
to  keep  It  buraing^  in  fo  confined  a  place*  In  the  top  of  each 
lamp  mufl  be  a  little  flit,  lengthways^  and  alfa  a  (mall  open* 
ing  in  one  itde  near  the  upper  part^  to  pepmik  air  enough  to  cir* 
cwiate  to  feed  the  flame.  To  prevent  every  reflexion  of  light, 
the  fide  opening  of  the  lamp  a  fhould  be  to  the  right,  and  that 
of  the  lamp  i  to  the  left.  In  the  (liding  door  of  each  lamp  is 
made  a  fmall  hole  with  the  point  of  a  very  fine  needle  juft  op- 
pofite  the  place  where  the  wicks  are  burning,  f  o  that  when  the 
fliders  are  ihut  down^  and  every  thiag  dark,  nothing  (hall  be 
feen  btrt  two  fine  lucid  points  of  the  (ize  of  two  ftars  of  the  third 
or  fourth  magnitude..  The  lamp  a  is  placed  fo  that  its  lucid  point 
may  be  in  the  center  of  the  circular  board  where  it  remains  fixed... 
The  laaip  i  is  hung  to  the  Iktk  (Itder  which  moves  in  the  rab« 
bet  of  the  arm,  fo  that  its  lucrd  point,  in  a  horizontal  pofition 
of  the  Sinn,  may  be  on  a  level  with  the  lucid  point  in  the  cen- 
ter. The  moveable  lamp  is  fufpended  upon  a  piece  of  brafs 
fidlened  ta  the  Aider  hj  a  pin  exa£lly  behind  the  flame  upon 
which  it  moves  as«  a  pivot.  The  lamp  is  balanced  at  the  bottom  • 
by  a  kaden  weight,,  fo  as  always  to  remain  upright,,  when  the 
arm  is  either  lifted  above,  or  deprefled  below,,  the  horizontal 
pofition.  The  double-jointed  handles  rD,  /P,  confiO:  of  light 
deal  rods,  ten  feet  long,  and- the  IbweOb  of  them  /nay  have  divi- 
fions,  marked  upon  it  near  the  end  P,  expreding  exactly  the 
(tKbnce  from  the  central  lucid  point  in  feet,  inches,  and. 
tenths. 

From  tltls  xon(hii£Gon  we  (ee,  thoj  a  perfon  at  a  dijflarice  of 

ten  feet  may  govern  the  two  lucid  pointSi.^fo  as  to  bring  them 

iuto^any  required  pofition.fouth  or  north  preceding  or  following, 

y  fromi 
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^from  o  to  90*  l^ytiting  the  handle  P^  tmii^alfo  to  any  diftance 
from  fix-tenths  of  an  inch  to  five  on  fix  and  twenty  inchts  by 
meaws  of  the  handle  D.     If  any  refledlion  or  appearance  of 
r  light  ft^ould  be*  left  from  the  top  or  fides  of  the  lamps,  a  tempo* 
racy  ^(creen^  coofiftittg  of  a  long  piece  of  pafte-board,  or,  a 
wire  franie  covered  with  black  cloth,  of  the  length  of  the 
whole  arm  and  of  :any  required  breadth ^  with  a  flit  of  half  aa 
ihfclii  broad  iQ'  the  middle^  may  be  affixed  to  the  arm.  by  four; 
bent  wires  projcftiiig'ap  inch  or  two  before  the  lamps,  fituated 
{o  that  the  moveable  lucid  point  may  pafs.  along  the  opening . 
left»  for  that  purpofe. 

'  t'ig-  2/reprcfents  part  of  the  arm  L,  half  the  real  fize;  &. 
tke?  Aider ;  m  the  pulley,  over  which  the  cord  xtyz  is  returned . 
towards  the  center ;  v  the  other  cord  going  to  the  pulley  n  of. 
|>g.  I.  R  the  brafs  piece  moveable  upon  the  pin  r,  to  keep  the; 
laftie  Upright*  «  At  H  is  a  wire  ri vetted  to  the  brafs  piece,  iipdii 
\<^hich  is  held  the  lamp  by  a  nut  and  fctew.     Fig.  3.  4.?f^re^' 
fcflt   the  lamps  a^  b,  with  the  Aiding  doors  open,  to  ihew^ 
the  lltuation  of  the  wicks.     W  is  the  leaden  weight  with  %^ 
bole  d  in  it;  through  which  the  wire  R  of  fig»  2.  is  to  be  pafiBbd* 
when  the  lamp  isto  be  fattened  to  the  Aide]:  S%     Fig..  5;  repce^ 
fents  the  lariip  m  with  the  Aiding  door  fliut ;  /  the  lucid  pdint  ^ 
and  ik  the  'openings  at  the  top,  and  s  at  the  fides  for  the  ad* 
miflion  of  air*  '  •  *  *       1       ' 

Every  ingenious  artift  will  foon  perceive  that  the  motions'  of 
ithis  micrometer  are  capable  of  great  improvement  by  the  a|^li-'* 
nation  of  wheels  and  pinions,  and  other  well  knowik  mecha^  * 
laical  refources ;  but,  as  the  principal  obje£t  is  only  to  be  able) 
to  a(^dfl:  the  two  lucid  points  to  the  required  ''pofitioa  and  dif- 
tance, and  to  keep  them  there  for  a  few*  minutes^  while'the* 

*  ^  '     •  ^    ;  obferver 
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obferver  goes  to  meafure  their  diftance,  it  will  not  be  neceflary 
to  fay  more  upon  the  fubjefti 

I  am  now  to  (hew  the  application  of  this  inftrument.  It  Is 
well  known  to  opticians  and  others,  who  have  been  in  the  habit 
of  ufing  optical  inftruments,  that  we  can  with  one  eye  look  into 
a  microfcopeortelefcopc,and  fee  an  objeft  much  magnified,  while 
the  naked  eye  may  fee  a  fcale  upon  which  the  magnified  pifture 
is  thrown.  In  this  manner  I  have  generally  determined  .the 
power  of  my  telefcopes ;  and  any  one  who  has  acquired  a 
facility  of  taking  fuch  obfervations  will  very  feldom  miftake  £b 
much  as  one  in  fifty  in  determining  the  power  of  an  inftru- 
ment, and  that  degree  of  exadlnefs  is  fully  fufficient  for  the 
purpofe. 

The  Newtonian  form  is  admirably  adapted  to  the  ufe  of  this 
^micrometer ;  for  the  obferver  ftands  always  ereft,  and  looks  in 
a  horizontal  direftion,  notwithftanding  the  telefcope  fliould  be 
elevated   to  the  zenith.     Befides,  •  his  face  being  turned  away 
from  the  obje£l  to  which  his  telefcope  Is  directed,  this  micro- 
meter  may  be  placed  very  conveniently  without  caufing  the 
leaft  obftru£tion  to  the  view :  therefore,  when  I  ufe  this  inftru* 
ment  I  put  it  at  ten  feet  diftance  from  the  left  eye,  in  a  line 
perpendicular  to  the  tube  of  the  telefcope,  and  raife  the  move- 
able board  to  fuch  a  height  that  the  lucid  point  of  the  central 
lamp  may  be  upon  a  level  with  the  eye-    The  handles^  lifted 
up,  are  paffed  through  two  loops  faftencd  to  the  tube,  juft  by 
tbe  obferver,  fo  as  to  be  ready  for  his  ufe.     I  ftiould  obferve, 
that  the  end  of  the  tube  is  cut  away  fo  as  to  leave  the. left  eye 
intirely  free  to  fee  the  whole  micrometer. 

Having  now  directed  the  telefcope  to  a  double  ftar,  I  view  it 
with  the  right  eye,  a;id  at  the  fame  time  with  the  left  fee  it  pro- 
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jefted  upon  the  micrometer :  then,  by  the  handle P,  which  com- 
mands thepofitioji  of  the  arm,  Iraife  or  deprefs  it  fo  as  to  bring 
the  two  lucid  points  to  a  fimilar  fituatldn  with  thi  tWo  ftars;  and, 
by  the  handle  D,  I  approach  or  rernove  the  moyekblfe  lucid  point 
to  the  fame  diftance  of  the  two  ftars,  fo  that  the  two  lucid 
pohits  may  be  exa£tly  covered  by,  ojt  coincide  with  the  ftars* 
A  little  practice  in  this  bufinefs  foort  rfiakes  it  eafy,  ei^ecialiy 
to  one  who  has  already  been  ufed  to  look  with  both  eyes  open. 

What  remains  to^  be  done  Is  very  fimple.  Wifli  i  proper 
rule,  divided  into  inches  and  fortieth  parts,  I  take  the  diftance 
of  the  lucid  points,  which  may  be  done  to  the  greateil:  nicety^ 
becaufe,  as  I  obferved  before,  the  little  hdles  are  tttade  With  the 
point  of  a  very  fine  needle,  .  The  meafure  thus  obtained  is  tlic 
tangent  of  the  magnified  angle  under  which  the  ftars  are  £bea 
to  a  radius  of  ten  feet ;  therefore,  the  angle  being  found  and 
divided  by  the  power  of  the  telefcope  gives  the  real  angular 
diftance  of  the  centers  of  a  double  ftar. 

For  inftance^  September  25,  1781,  I  meafured  ^  Hbrculis 
with  this  inftrument.  Having  caufed  the  two  lucid  points  to. 
coincide  exadly  with  the  ftars  center  upon  center,  I  :found  the 
radius  or  diftance  of  the  central  latop  from  the  eye  to  feet 
4,15  inches;  the  tangent  or  diftance  of  the  two  lucid  points 
50,6  fortieth  parts  of  an  inch ;  this  gives  the  magnified  angle 
'^^'^  and  dividing  by  the  power  460^  which  I  ufed,  we  d>taui 
4^^  34'''  for  the  diftance  of  the  centers  of  the  two  ftars.  The 
fcale  of  the  micrometer  at  this  very  convenient  diftance,  with 
the  power  of  460  (which  my  telefcope  bears  fo  well  upon  the 
fixed  ftars  that  for  near  a  twelve-month  paft  I  have  hardly  ufed 
any  other)  is  above  a  quarter  of  an  inch  to  a  fecodd ;  and  by 
putting  on  my  power  of  952,  which  in  very  fine  evenings  is 

I  extremely 
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extremely  diftindi  I  obtain  a  fcale^of  more  than  half  an  Inch 
tofi  fecond,  without  hicreafing  the  diftance  of  the  micrometer  j 
xvhereas  the  moft  perfect  of  my  former  micrometers,  with  the 
fame  inftruipent,  had  a  fcale  of  l^fs  than  the  two  thoufandth 
part  of  an.mch  to  a  fecoad^ 

Xhc.n^eafures  of  ^thismicronqjcter  arenot  confined  to  double 
ftars  only,  but  .may  ,be  applied  to  any  other  objefts  that  require 
the  utmoft  accuracy,  fucn  as  the  diameters  of  the  planets  or 
their  fatellites,  the  mountains  of  the  moon,  the  diameters  of 
the  fixed  ftars,  &c. 

For  inftance,  O*9:ober  22,  1781,  I  meafured  the  apparent 
diameter  of  «  -Lyrae ;  and  judging  it  of  the  greateft  impor- 
tance to  increafe  my  fcale  as  much  as  convenient,  I  placed  the 
micrometer  at  the  greateft  convenient  diftance,  and  (with  fome 
trouble,  for  want  of  longer  handles,  which  might  eafily  be 
added)  took  the  diameter  of  this  ftar  by  removing  the  two 
lucid  points  to  fuch  a  diftance  as  juft  to  inclofe  the  apparent 
diameter.  When  I  meafured  my  radius  it  was  found  to 
be  twenty-two  feet  fix  inches.  The  diftance  of  the  two 
lucid  points  was  about  three  inches;  for  I  will  not  pre- 
tend to  extreme  nicety  in  this  obfervation,  on  account  of  the 
very  great  power  I  ufed,  which  was  6450.  From,  thefe  mea- 
fures  we  have  the  magnified  angle  38^  10'^:  this  divided  by 
the  power  gives  0^^,355  ^^^  ^^®  apparent  diameter  of  a  Lyra?. 
The  fcale  of  the  micrometer,  on  this  occafion,  was  no  lefs 
than  8,443  inches  to  a  fecond,  as  will  be  found  by  multiplyii<:g 
the  natural  tangent  of  a  fecond  with  the  power  and  radius  in 
inches. 

November  28,  1781,  I  meafured  the  diameter  of  the  new 
ftar ;  but  the  air  was  not  very  favourable,  for  this  Angular  ftar 
was  not  fo  diftin£t  with  227  that  evening  as  it  generally  is 
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.with  4.60 :  therefore,  without  laying  much  Arefs  upon  the 
exafluefs  of  the  obfervation,  I  (hall  only  report  it  to  exemplify 
the  ufe  of  the  micrometer.  My  radius  was  35  feet  1 1  inches. 
The  diameter  of  the  ftar,  by  the  diftance  of  the  lucid  points, 
was  2,4  inches,  and  the  power  I  u{ed  227  :  hence  the  magnt* 
fied  angle  is  found  19',  and  the  real  diameter  of  the  ftar 
5 ',o2t.  The  fcale  of  this  meafure  ,474  millefimals  of  an 
inch,  or  almoft  half  an  inch  to  a  fecond. 
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XIV.  A  Paper  to  obviate  fime  Doubts  concerning  the  gnat  Ma^^^ 
nlfying  Powers  ufcd.    By  Mr.  Hcrfchel^  F.  R.  S^. 


TO    SIR    JOSEPH    BANKS^    BART*    P«  K»  S*. 


SI  R^ 

I  HAVE  the  honour  of  laying  before  you  the  refult.of  a  fet^ 
of  meafures  I  have  taken  in  order  to  afcertain  once  more  the  * 
powers  of  my  Newtonian  feven-feet  refledlor.     The  method  T* 
have  formerly  ufed,  and  which  I  ftili  prefer  to  that  which  I 
liave  nbw  been  obliged  to  prafli&y  requires  very  fine  weather 
and  a  ftrong  fun-fliiny  day  ;  but  my  impatience  to  anfwer  the 
requefts  of  Sir  Joseph  ba^^ks  would  not  permit  me  to  wait  for 
fo  precarious  an  opportunity  at  this  feafon  of  the  year.     The 
difference  in  all  the  powers,  as  far  as  2010,  will  be  found  to 
be  in  favour  of  thofe  I  have  mentioned ;    and,  I  believe,  a 
much  greater  concurrence. could  not  well  be  expedled,  where 
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i  ditferent  methods  of  afcertalning  them  are  ufed.  The  varia- 
tion in  the  two  higheft  powers  is  more  confiderable  than  I  was 
aware  of;  but  ftill  may  eafily  be  fliewn  to  be  a  neceflary  confe* 
qnence  of  the  difference  in  the  methods.  However,  if  upon 
comparing  together  the  methods  it  (hould.  be  thought,  t:\at  the 
power  5786  is  nearer  the  truth  than  6450,  I   (hall  readily  join 

*no  oorreiS  that.nuinber.  The  mauner  iii  whiph  I  4iave  tiow 
determiiied  the  powers  is  as  follows:  I  toojc-ooe  of  the  eye 
lenfes  which  magnifies  leafl,  and  meafured  its  folar  focus  by 
the  fun's  rays  as  exaftly  as  I  could  five  times,  which  proved  to  be 
i.or,  1.04,  1.09,  I  01,  1.05,  in  half-inch  meafure,  a  mean  of 
which  is  1.04.  The  fidereal  focus  of  my  feven-feet  fpcculum 
is  170.4  in  the  fame  meafure.  Thence,  dividing  170.4  by 
1.04  we  find  that  the  telefcope  will  magnify  163.8  times  when 
that  lens  is  ufed.  O^hls  po^nrer  being  found,  i  applied  the  fame 
lens  as  a  fingle  microfcope  to  view  with  it  a  certain  obje£t, 
which  was  a  drawn  brafs  wire  fattened  fo  as  not  to  turn  upon 
its  axis  or  change  its  pofition  ;  for  thefe  wires  are  feldopi  per- 
feftly  round,  or  of  an  even  fize,  and  it  is  therefore  neceflary  to 
ufe  this  precaution  to  prevent  errors:  then, -with  a  fine  .pair 
of  compafles,  I  took  four  independent  meafures  of  the  image 
of  the  brafs  wire,  which  was  thrown  upon  a  flieet  of  paper 
exactly  8}  inches  from  the  lens,  the  eye  being  always  asxlofe 
to' the  lens  as  poflible.  I  i^iewed  the  fame  wire,  exadly  in  the 
fame  manner,  with  every  one  of  the  lenfes,  and  meafured  the 
pidlures  upon  the  paper.  When  I  came  to  the  higher  powers 
the  wire  was  exchanged  for  another  4.37  times  thinner  than 
the  former,  as  determined  by  comparing  the  proportion  of  their 
images  54  to  235  J,  taken  by  the  fame  lens. 

When  the  images  of  thefe  wires  are  obtained,  the  power  of 
the  telefcope,  with  every  one  of  the  lenfes,  becomes  known 

by 
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by  one  plain  analogy :  viz^  as  the  image  of  the  wire  by  the  firft 
lens  (77I)  is  to  the  power  it  gives  to  the  telefcope  (163.8),  fo 
is  the  image  of  the  wire  by  the  fecond  lens  (i  1 9)  to  the  power 
it  will  give  to  the  fame  telefcope  (250.7)»  The  particulars  of 
all  the  meafures  are  as  follows : 


Powers  as 
they  have 
been  calkd 
in  my  papers, 


146 


Images  of   a  wire  thrown]  A  mean  of 
upon  a  paper  in  hundredths      the  four 


of  half  inches* 


meafures. 


77^ 


Powers  as  they^ 
come    out  by  this 
aietbodl 


77  78  78         78 

119  119  119  I19I 

U3  143  H4  X43 

236  236  235  236 

Smaller  wire* 

S3  54  55   54^ 

«3  85  84   85 

107  107  107  108 

128  128  129  128 

An  excellent  lens,  loft  about  eight  months  ago. 

236  236  238  336     .2361 

281  283  281  280     28li 

^3S  ^^5  63^  ^^^     ^^9 


163-86  = 

301.8 
496.7 


_  170.4 
X.04 


775-1 
986.7 

1 1 79.9 


2175.^' 

2585-5 
5786.8 


I  beg  leave.  Sir,  now  to  give  a  (hort  defcription  of  the  method 
I  have  formerly  ufed  to  determine  thefe  powers.  In  the  year 
1776  I  ere£ted  a  mark  of  white  paper,  exadUy  half  an  inch  in 
diameter,  which  I  viewed  with  my  telelcope  at  the  greateft 
convenient  diftance  with  one  of  the  leaft  magnifiers.  An 
afiiftant  was  placed  at  rectangles  in  a  field,  at  the  fame  diftance 
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from  my  eye  as  the  objed  from  the  great  fpeculum  of  the  tele- 
fcppe.  Upon  a  pole  ere£led  there  I  viewed  the  magnified  image 
of  the  half  inch,  and  the  afiiftant  marked  it  by  my  dire<aion ; 
this  being  meafufed  gave  the  power  of  the  inftrument  at  once. 
The  power  thus  obtained  was  corre£led  by  theory,  to  reduce  it 
to  what  it  would  be  upon  infinitely  diftant  objefts.  The 
powers  of  the  reft  of  the  lenfes  I  deduced  from  this  by  a  Ca^ 
mera-eye*piece^  which  I  made  for  that  purpofe.  ABCD  (fig.  i.) 
reprefents  a  perpendicular  feftion  of  it.  The  end  A  fcrews 
into  the  telefcope.  Upon  the  end  B  may  be  fcrewed  any  of  the 
common  fingle-lens  eye-pieces.  Itnn  \s  ^  fmall  oval  plane 
fpeculum,  adjufted  to  an  angle  of  45**  by  three  fcrews,  two 
whereof  appear  at  op.  When  the  obferver  looks  in  at  B,  he 
may  fee  the  objeft  projefted  upori  a  fheet  of  paper  on  a  table  ' 
placed  under  the  Camera-piece,  and  meafure  its  pidure  ^,  ^,  as 
in  fig*  2.  The  power  of  one  lens  therefore  being  known,  that 
of  the  reft  was  alfo  found  by  comparing  the  meafures  of  the 
projected  images. 

It  may- not  be  amifs-to  mention  fome  of  the  advantages  and 
inconveniencies  attending  each  of  thefe  methods.  When  we 
take  the  focus  of  an  eye-lens,  which  the  firft  method  requires, 
we  are  liable  to  a  pretty  confiderable  uncertainty,  and  in  very 
fmall  lenfes  it  is  riot  to  be  done  at  all.  Moreover,  in  calculating 
the  power  by  that  focus  no  account  is  made  of  the  aberration 
tvhich  takes  place  in  all  fpecula  and  lenfes,  and  increases  the 
image,  fo  that  we  rather  find  out  how  much  the  telefcope 
Jhbuld  magnify  than  how  much  it  really  does  magnify ;  butiui 
determining  the  power  by  an  experiment  we  avoid  thefe  diffi- 
eulties. 

On  the  other  hand,'  when  the  power  is  very  great,  the  latter 
jQicthod  becomes  inconvenient,  both  on  account  of  w^ant  of 

light 
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light  m  liie  «d3je£b,  :flnd:&  vwf  aoiiifiiittai)]^  osAienabm  n^ick 
.tikes  {)lflce,  iand  ndkes  the  ^id we  tOD  iiMfiftitaA  to  ibe  vw]^  fao- 
naratecn  the  meafure,  and  iDf  coisnfeiar^  dian  it  oi^ht  Kd  Jxt; 
and  this  will  account  for  the  excefs  in  the  meafures  of  my  trro 
largeft  powers.  However,  ,whea  I  employed  6450  upon  the 
diameter  of  »  ILyvx^  1  incfine  to  thiiik  the  method  I  had  ufed 
^Krben  I  determined  that  power^  ayght  to  be  preferred,  -beeaufo 
xnv  X>ani|>-micrometer  gives  the  mei^fure  of  an  ot^e6l  as  it  ap- 
pears iu  the  itelefcope,  and  therefore  this  aberration  is. included, 
and  fliould  be  taken  into  coniideratlon* 

To  prevent  any  miftakes,  I  wi(h  to  mention  agaiii,  that  I 
have  all  along  proceeded  experimentalfy  in  the  v£c  of  my  powers, 
and  that  I  do  not  mean  to  fay  I  have  ufed  6450  (or  5786)  upon 
the  planets,  or  even  upon  double  ftars ;  every  power  I  have 
mentioned  is  to  be  underflood  as  having  been  uied  juft  as  it  is 
related ;  but  ferther  inferences  ought  not  as  yet  to  be  drawn« 
For  infbnce,  my  obfervations  on  t  Bootis  mention  that  I  have 
viewed  that  fbr  with  «oro  (or  as  in  the  above  table  with  2175} 
extremely  diftin6t;  but  upon  feveral  o^er  celeflial  obje^ls  I 
have  found  this  power  of  no  iiervioe.  Many  plauiibie  fug- 
^jefiions  have  already  occurred  to  account  fbr  thefe  appearances; 
but  I  w^t  till  £uther  experiments  fhalt  have  fumifhed  me  witli 
anore  materials  to  teaibn  upcHu  The  ulie  of  high  powers  <is  a 
tiew  and  untrodden  path,  and  in  this  attempt  variety  of  new 
phaenomena  may  be  expeded,  therefore  I  wifh  not  to  be  in 
a  hafle  to  make  general  conclufions.  I  (hall  not  fail  to  purfiie 
this  fubjedy  and  hope  fbon  to  be  aUe  to  attack  the' celefli^d 
ixxlies  with  a  fliU  ftronger  armament,  which  is  now  pre- 
paring. 
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lyS  Jt  Pap&  to  sB^^t  fame  Dbttbttf  &c. 

It  remains  bow  only  Sot  me  to  make  the  moft  fincos 
acknowledgement  for  the  favours  you  have  fliewn  to  me, 
and  to  fay  that  I  fhall  ever  remain,  with  equal  relped  and 
gratitude, 

s  I  K,  your  moft  obedient,  &c. 

P.  S.  Dr.  WATSON  junior  has  dohe  me  the  favour  feparately 
to  examine  and  meafure  the  powers  of  my  telefcope;  and 
placing  the  greateft  confidence  in  his  accuracy,  I  rely  on  his 
meaTures  at  leaA  as  much  as  my  own. 


I 


rhihf,  Tha/u.Vcl . L  XTU*  Tte .VJ.pJjB. 


a  ^ 
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XIV.  Continuation  of  th  EKperiments  and  Obfervatknt  on  the 
Specific  Gravities  and  AStraSlive  Powers  cf  various  Sa&uc 
Subfiances.    By  Richard  Kirwaa^  Efq.  F.  R.  S. 


Read  April  ii,  lytz. 

BEFORE  I  enter  into  a  detail  of  die  new  experiments  t 
have  made  in  the  profecution  of  this  fubjed,  I  muft  beg 
leave  to  Te&ify  ibme  miftakes  I  have  fallen  into  in  my  laft 
paper. 

I.  In  computing  the  quantity  of  acid  taken  up  by  10,5  gr.  of 
mild  vegetable  fixed  alkali,  I  made  no  allowance  for  the  fhiall 
quantity  of  earth  it  contains,  viz.  0,7035  of  a  grain ;  but  in 
large  quantities  of  alkali,  this  proportion  is  confiderable,  and 
occaiioned  a  fiBall  but  feniible  error  in  nij  fubfequent  calcula- 
tiofis  of  the  proportion  of  ingredients  in  neutral  falts,  the 
T^tantity  of  alkaH  being,  br  that  fra£iion,  lefs  than  I  fuppofed 
it  in  10,5  gr.  This  correftion  being  made,  it  will  be  found, 
that  100  gr*  jef  perfeftly  dry  vegetable  iixed  alkali  (abftra&ed 
from  the  quantity  of  earth),  generally  contain  22,457  S^*  ^^ 
fixed  air  inftead  of  21,  as  I  before  determined;  yet  the  former 
^termination  is  right,  where  the  earth  is  not  feparated,  yet 
may  well  be  fuppofed  to  exift,  as  in  the  alkali  of  pearl-afli, 
purified  by  three  repeated  calcinations  and  felutions.  Hence 
alfo  100  gr,  of  fuch  alkali,  free  from  earth,  water,  and  fixed  air, 
take  up  46,77  gn  of  the  mineral  acids,  that  is,  of  the  mere 
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acid  part?;  and  loo  gr.  of  common  mild  vegetable  alkali  take 
up  about  36,23  of  real  acid. 

100  gr.  of  perfeftly  dry  tartar  vitriolate  ooatain  30;  21  of  real 
acid,  64,61  of  fixed  alkali,  and  5,18  of  water.  Cryftallized 
tartar  vitriolate  lofes  only  i  per  cent,  of  water  m  a.  heat  ia 
which  it$  acid:  alfo  is  not  feparated  in  any  degree,  and  therefore^ 
contains  6,18  of  water. 

xoo  gr..  of  nitre^  peffe££ly  dried,  contain  3P,86  of  acid,. 
66  of  alkali,  and  3,14  of  water;,  but  iacryftallked  nitre  the 
proportion  of  water  isr  iibmewhdt  greater  ;<  for  1 00  gr.  of  thefe- 
cryftals,  being  expofed  to  a  heat  of  180^  for  two  hours,  lofl: 
3j  gr..  of  their  weighty,  without* eichaling  aj»y  acidi  ibltll^  butr 
whenexpoftd  to ai heat  of  zoo?,  the  imeliioS  ti^  mtmii«  asidt 
is  diAio^y  perceived,  tibncre  itx)  gr*  o£  ci:}f{bUized  mt3»  oon?-* 
t^n  29^89  of  mere  acid,  63,97  of  alkaliv  and  6^14  of  \if«tiHr* 

acidt  6^4}:  of  alkali^  and,  6,^^  of  wat^ei^  ica*g^  ^  Cfyftsir* 
lized  dfgefHve  ialt  lofe  but,  i-  gr.  of  th^  weighi; be&r^tbfr 
fmeU  of  the  marine  acid  i&Qerceivoit;.  andrheau^a  fiipMji  onotaia^ 
7,1^5  gr.  of  waterv 

But  the  miilake  wiiich^cofi;me;moA:  time  a<Kipfutis  to  9«g^ 
vtdL  was  that  which  I  fell  into  when  limagiaed^..  tba^tl^  raisr^ 
tures  of  oil  of  vitrioi  and  water,  ai>d!  ffdrit  of  iiitrp  acMd  wsatjer^n 
hod  attained  their  maximum  of  denfity  when  tbay  had  QOoled<^ 
to  the  fiemperature  of  the  atmo^bere,  which^  at  the  time  ( 
made  my  experiments;  flood  between  50  and  C^""  q£  WMtSiVI^ 
K£iT.  The  former  I  had  even  fufiered  to^  flazid  fix  how^.. 
which  was  much  longer  than  was  neoeflary  for  its  cooling;  but 
when  the  acid  was  fomuch  diluted  as  to  caufe  little  or  noheaty. 
I  allowed  it  to  fland  but  for  a  very  little  time  before  Lexamiood. 
its  denfity  r  yet  feveral  9onths^  after  I  found  many  of  th^ 

mixtuiet* 


mfxtures  much  denfer  than.when  I  firft  examiiiecj  them».and: 
that  <  leaft  tx^e&ejidur^  r.eit  Wa$  reqiiiffte  before  concentrated 
oil  oi  vkftel>  I  to-^-w&iehi  evtH»-  twiee-rtfr-  weight  <^  water  is 
added!  attains  j  its  vtmpfti  deuiitj,  andilill  more.wheu^aJefler 
proportkn  of  water  is  ^(cd:  thus^  when  I  made  the  mixture 
of  2i^^s^Si  gf-  ^^  ^^  ^^  vitriol,  wbo£b  fpecifia  grayltjr  was 
1,8191^  '^^^  1 80  "^  water,,  1  found  its  denfrty  fix  hours  after 
fs77ij;  But  after  tweqty^four  hoiir^  it  \iras  1,798:  and  hence, 
according^  to  tjie  rea&ning  inthe  former  paper;  the  accrued  den- 
%  was^  at  leaft  ,064  inftead  of  ,045  as  J  had' formerly  founds 
it    Qut  by  ufing  oil'of  vitriokflill  more  concentrated,  whpfe 
fpedfic  gravity  was  1^88461  I .  wa^  enabled,  by  a  fimtlar  train 
of  reafoning,  to  make  aiftill  nearer  approximation,  and  found 
that  die  accrued  deniky  o£  oil  of:  vitriol,  whoie  fpecific  gra-* 
vity  is  1,819,  amounts  to  0,104;  and  coniiequently  its  mathe-- 
matical  fpepific  gravity  is  1^71 5«     69$  g<^*  of  tl)i»  oil  of.  vitriol^ 
eontaijaedy.  as  I  befi3r&  found,  3,55  of  mere  acid,  and  the  re*- 
m^dei^  waten,  then  thei  weight  of  an  equals  hulk  of^  water  is* 
3,79  gr. ;:  and  fubtrailing  from  this  the  weight  of  the  water  • 
that  entersr-ihtio  theoomgofition  of  the  oil  of  vitriol^  it  will : be ^ 
found^  that  the  weight  of  a  bulk  of  water,  equal  to  the  acidi 
part,  is^  0,84^  and  confequently  the  fpecificr  gravity  of  the: 
pure  aQd  mere  acid  part  is  4,226.     Upon  this  ground*  andt 
conftantly  allowing  the  mixtures  to  reftiaC  leaft^  twelve  hours  ^ 
(until,  the  oil  of  vitriol  was^  diluted  with  four  times  its  weights 
of  water^  and  then  often  only  fix  hours)  ■)  befi>re:  their  denfityr 
was  exs^ined;  I  cooftru^ted  the  table  hereto  annexed ;  the  tern-- 
fieratuFe  of  thie^room  I  conftantly  kept  between  50  and  6b^; 
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"  6h  ot 

Acid. 

Water. 

Accrued 

Matbemat. 

■• 

vitiioL 

* 

deofitjr. 

fp.  gravity. 

Graint, 

4 

lOOO 

- 

3|7.9S 

,07 

«.«77 

1,846 

HOC 

- 

— 

487,95 

,104 

«.738 

«.844 

I200 

- 

- 

587*95 

..>05 

*»637 

1,74* 

1300 

- 

-* 

687,95 

.144 

1,561 

»»705 

1400 

- 

- 

787,95 

,144 

1,500 

i,6i|4 
«.S89 
».539 

1500 
1000    ' 

■• 

*• 

887,9s 
987.9s 

»i37 
>»37 

1,452 
1,412 

1700 

— 

J 

1087,95 

,»30 

».379 

1^509 

1800 

- 

- 

"87,9s  , 

»"4 

1.350 

«,474 

1900 

- 

- 

1287,9s 

,116 

1,3*6 

1,442 

2000 

- 

- 

>  387.95 

,1x6 

J>304 

1,420 

2100 

- 

- 

1487,95 

,112 

1,286 

1,398 

2200 

«- 

- 

«s87,95 
1687,9s 

,112 

1,269  ■ 

1,381 

A300 

- 

- 

,108 

1.254 

1,362 

^400 

— 

— 

1787,9s 
1887,9s 

,104 

1,241 

1,345 

2500 

- 

- 

,104 

1,229 

'.333 

2600 

- 

- 

1987,9s 

,101 

1,219 

1,320 

2700 

- 

- 

2087,9s 

,096 

.  t.209 

'.307 

2800    ( 

— 

— 

■  2187,9s 

,091 

1,200 

1,291 
1,282 

2900 

- 

\ 

22879s 

,090  . 

1,102 

3000   ' 

- 

-    ' 

2387,95 

,090 

1,184 

1.274 

3x00 

(AlfiS 

2487.95 

,090 

i,»77 

1,267 

3200 

- 

— 

2587,95 

,090 

1,170 

1,260 

3300 

- 

- 

2687,9s 

,089 

1,164 

».253 

3400 

- 

- 

^787,9^ 

io84 

».«59 

«,a43 

3500 

- 

- 

2887,95 

,083 

»,iSO 

1,233 

3600 

- 

- 

2987.9s 

.073 

>,*49 

1,222 

3700  : 

• 

- 

3087,95 

,07i 

«,«44 

1,217 

3800 

— 

— 

3>87.95 

,071 

1,140 

1,211 

3900 

- 

1 

3287,95 

,071 

1,136 

1,208 

4000 

— 

— 

3387,95 

,071 

i,>3a 

1,204 

4100 

- 

- 

3487,95 

,070 

2,128 

1,198 

4200 

-. 

—    ' 

3S«7.95 

,070 

1,145 

».»95 

:    4300 

- 

3687,95 

,070 

1,121 

1,101 
1,188 

4400 

— 

— 

3787,95 

,070 

1,118 

4<oo 
4600 

- 

- 

3887,9s 

,070 

1,115 

1,185 

- 

- 

3987  95 

,070 

»,ii3 

M83 

4700 

- 

•^ 

4087,9s 

,070 

1.110 

i,«8o 

4800 

- 

- 

4'87,95 

,070 

1,107 

»,»77 

4<,oo 

- 

-' 

4187,95 

,070 

1,105 

<,i7S 

5000 

— 

-» 

4387.95 

,070 

1,103 

1,172 

S^oo 

- 

— 

4487,«y5 

,069 

1,109 

1,169 

ou 


««  tiejpecifc  Gravities,  &c.  6f  Saline  Suh/iancts.       rSj 


Oil  of 

Acid. 

Water. 

Accrued 

Mathemat. 

vitrioU 

dca&tf- 

fp.  gi^ity.. 

• 

Grains* 

• 

i 

Saoo 

-    - 

4587,95; 

,069. 

1^98 

^  1^167 

S3^ 

-    - 

4687,95: 

,069 

1,096 

i»»6s, 

S400 

^    - 

4787*95 

,060 
,068- 

if094 

HI  63 

5SOO 
5000 

—    — 

48a7,95 

1109a 

i»i6o 

-    - 

4387,95 

,067 

M>9* 

1*158 

S700 

-    — 

SP87,95 

,067. 

1,089 

«»i56 

5800 

-    - 

.   if' 87,95 

,067 

1,087 

»,»S4 

S900 

-.    - 

1   5*87,95. 

,065 

i/>86 

«,i5£ 

booo 

-    - 

i   5387,95 

,064 

1,084 

1,148 

6100 

6ia»Q^ 

5487,95. 

,064 

i/>8a 

i»i4^ 

6200 

-    ^ 

5587,95 
5687,95 

,063 

i/>8x 

x»i44 

6300 

-^  — 

,062 

i/>8o 

•   iii4a 

6400 

—   - 

5787,95 

,06a 

1,078 

1,140 

btoo 
6000 

^  —   - 

.   5887.95  • 

,061 

'^^77^ 

1,138 

% 

,   5987,95 
6087,9s 

,060 

X9O76 

«f»36 

6700* 
Woo 

,06a 

1*074 

>»i34 

-  — 

6187,9s 

,060. 

1,07  X 

»»»32 

6900 

- . 

6a87,95 

,o6q< 

if070 

1,130 

7000 

.  -  - 

6387,95  . 

.,05^ 

1,069 

i,ia8 

r^rd  to  the  nitrous  acid,  I  found' alio  T  had  been  a 
little  too  precipitate  as  to.,  the  time:  of  examining  its  deniity 
afteyr  it  had  been  mixed  with  water.  Hence,  making  ufe  of 
fi>me  whofe ipecific gravity  was  i,474»  I  allowed  the  mixtures 
to  reft  twelve  hours,  until  it  was  diluted  with  twice  its  weight 
of  water,  and  the  fubfequent' mixtures  fix-  hours  at  leaft;  by 
thtf*  former  procefs.of  reafonifig,  I  found/ the  fpecific  gravity 
of  the  mere  nitrous  acid,  to  he  5^53^ 
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,  Cotiiimatm  'of  tU  '^i^erimms  mni'Oyif'vMtm 

Spirit  of, 
nitre. 

.Acid.. 

Water.  J  Accrued  J 

MatlifimaL^ 

..  Phyliral 
flf.  gravity. 

»         ...        .  1 

•                         i 

denfity. 

fp.  {ratvkjF.^ 

- 

9CO 

i  S07 

i 

»»557 

»,SS7 

iDOd 

«.    *• 

607 

—    - 

>.474      • 

1,474 

\ 

moo 

4>        ••■ 

,  7®7 

t»035 

i.#i3 

1,448 

• 

moo 

♦ 

807   < 

j,osO 

1,567      - 

i,4»3 

,    1300 

—        — 

9©7   < 

i.o6s    - 

J.B^y    " 

«»394 

• 

1400 

•       *-. 

;ioq7   : 

i,o6i$   •! 

1,698 

«.363 

1 

1500 

—        —  •.- 

;  1 10(7     : 

•077    ' 

».««7y    • 

^yl^ 

', 

1600 

«        *- 

•1207     ; 

»082      i 

i.asr 

»,333 

• 

1700 

-        •- 

1307     ■■ 

,o«a    ■ 

1,831 

J.3IS 

k 

t£oo 

-       -^ 

1407     .. 

,083    - 

i,«"7 

i,3«> 

\ 

1900 

•*        -^ 

I5O7    ^ 

i»o»3 

i,»04 

i,*87 

.    \ 

aooQ 

•^W               ^^^*» 

1I697     i 

:3t  ■ 

i,»9» 

1,269 

t 

2QOO 

^^                 •■•4 

'-i7<?7   • 

.i,li8r     - 

«,»54 

r 

2aoo 

-        •*" 

1807   . 

,o7J     '• 

1,076      • 

>,*47 

• 

2500 

-        -^ 

1907   , 

,068 

1,P62 

1,430 

I" 

• 

ftifOO 

*•        ^. 

;ao®7   , 

,o6«    : 

i>«S4      • 

1,203 

• 

asoo 

^^P                  ^^^ 

12 107    • 

»o67    ; 

i,k47      ■ 

i  1,21-4 

i« 

a6oo 

^^i 

12207   t 

■,o&5    • 

i,«4t      • 

!i,»o6 

\ 

r 

ayoo 

r 

ja3«7   ' 

1,063    ' 

i>«35      • 

.i,n^ 

4 
\ 

2800 

# 

•2407   . 

,061 

»i«*9      : 

1^(90 

•; 

2900 

-               - 

2507 

,058 

1,124 

1,18a 

» 
0 

3000  > 

^              •- 

4607   \ 

»o«5    : 

lyiap  ■  i 

«.«ffS      ' 

« 

3100 

393, 

.  2707 

»Oi4    . 

1,116 

1,170 

« 

3200 

«         ^^ 

^807 

^4    ' 

IjITI         ' 

t»i6s 

3300 

-              •■ 

«9«»7   , 

i«>53 

ir»8      , 

;    M4i 

3400 

I 

3007 

»05» 

1,104 

i«iS6 

V 

3300 

—              — 

axjy 

,050    5 

1,101       ^ 

Mift      ' 

1 

•*- 

3600 

J 

3207 

,048 

4,098 

W4* 

3700 

3307 

.047 

».09S 

»,i4a 

■^ 

^ 

3800 

**? 

34P7 

»04S    ' 

■1^2  «r  3 

•>»S7 

i 

3900 

"•              —  . 

3507 
3607 

♦043 

i,p89      , 

1*132 

« 

4000 

—              •■' 

,040 

1,087 

•1,127 

\ 

4100 

—              — 

3707   : 

.037 

1,085 

iffta 

\ 

4200 

-              - 

3807 

»03S 

1,083 

1,118 

i 

4300 

—              — 

3907 

.034 

1,080 

1,114 

4400 

—              — 

4007 

,03a 

1,078 

1,110 

■ 

45DO 

4600 

—              - 

4107 

,029 

>,077 

1,106 

-              — 

4207 

,027 

1,075 

1, 10a 

. 

4700 
4800 

«•              — 

4307 

,02s 

1,073 

i>098 

-              - 

4407 

,022 

1,072 

1,094 

• 

4900 
5000 

^              ^ 

4507 
4607 

,020 
,018 

1,070 
1,068 

1,090 
1,086 

5100 

«              - 

4707 
4807 

,01s 

i,o6| 

i,o8a 

I    5*90 

^■A         dw  ■' 

,Ot2 

1,066 

1^78 

1    S300 

—  1  4907 

,co8 

1,066 

1,074 
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The  foregoing  experiments  were  made  at  the  temperature  of 
l)etween  50  and  60''  of  Fahrenheit  ;  but  as  it  may  be  ftifr 
jpe£ted,  that  the  denfity  of  the  above  acids  is  confiderably 
altered  at  degrees  of  temperature  confiderably  different,  I  en* 
deavoured  to  find  the  quantity  of  this  alteration,  and  to  calcu- 
late what  this  denfity  would  be  at  ^^^j  that  the  quantities  of 
acid  and  water  m^^y  thereby  be  inveftigated. 

To  this  end  I  took  fbme  dephlogifticated  ipirit  of  nitre,  and 
examined  its  fpecific  gravity  at  different  degrees  of  heat,  and 
found  It  as  follows : 

beg.  Sp.  gravity. 

x>4653 
1,4587 

1,430a 

Therefore,  the  total  expanfion  of  liiis  (pint  of  nitre  from 
30  to  120%  that  is,  by  90**  of  heat,  was  6,0527;  for 
1 ,4650  -  194123  « J0527,  by  which  we  fee  that  the  dKlatations 
are  neaiiy  proportional  to  the  degrees  of  heat :  for  beginning 
with  the  firft  dilatation  ftom  30  to  46%  that  is,  by  16*  of  heat 
•7^90  .  0,0527  ::  16  •  0,0093 ;  but  in  reality  thefe  16"*  of  heat 
a£brded  a  dilatation  equal  only  to  0,0063 ;  for  1,4650  -  1,4587 
:=  0,0063 ;  fb  that  the  difference  betwixt  the  calculated  and 
obferved  dilatations  is  only  ^  ^ %% , »  a  diflelrence  of  no  confe- 
quence  in  the  prefent  ca(e,  and  that  might  arife  from  the  im- 
merfion  of  the  cold  glafs  ball  filled  with  mercury  in  the  liquor, 
it  bemg  the  folid  I  ufe  to  try  the  fpecific  gravity  of  liquids.  In 
the  next  cafe  the  difierence  is  flill  lefs;  for  tt  90  .  0,0527  :: 
56  •  0,0327 ;  but  56''  of  heat  produced  in  reality  a  dilatation 
of  0,0348  for  1,4650  -*  1 94302  s  0,0348,  fb  that  the  calculation 
is  deficient  only  in  ^rVVy 
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l^e  alia  the'nJHnfibfiS^  *sre  aearlj^  fii;Qpo(tficmal't&  tHe  degibe»« 
o£  heat;,  fot  xi6''  of  h«at '{the  4iflir«OM  batx^ 
produce  an:  expanficm  of  0^0958;  and » ijf  of  h^ti  (^^tb^ 
ference  between  34  and  49)^  produce  an  .expanfion<of  0,00979^ 
and  by  calculation^  Oiaraj^i  which  laft  dii^fs  from  the  truths 

only  by  -r-i^ww 

By  this  experiment  wt^  fte^  tftat  the 'ftionger  the  iprit  af 
nitre  is$  the  more  it.  k  expanded l)y  the  faiiae  degi:ee  of/heat : 
fofi  if  the.  fpixit  oi  tiitfti'^f  the  laft^  e^rineiit  v^cre  eicpmdedi: 
in^the  &xne  pro|>Q^a  aain  the  fkfti  its.dilatatioii'by'  rt6''  of: 
heat  (hot^dbe  o^o6y^  ^erea&  it  waG-fbund^ehe o^58» 

As.  the  dilatation  of  fpirit  of  nitte  is  far*  .greater^  than  tfaat^/ 
watec  hf  the:  fame  dcg^^ee  oS  heaC,  and  is^  it  ooiUfift^^oaly  ofr 
acid  and  water,r  it  cltarly  fi)Uow%  that  it3  *  fuperior  dtbtafailiQr/ 

« 

muft  be  owing  to  the  acid  part ;;  and  hence^  the  imore  acid  is  ^ 
ccMitained  in  a-^ivon  quantity  of  ipirit  of  nttve,  the  greatet^  ia- 
its  dilatabihty*.  We  miglit  therefore  Aigpoie,.  that  the  ^ilatai^ 
tion  of  fpirit  of  nitre  was  intermediate  betwixt  that  tif  tb& 
quantky  of  water^  it  contfi^-  aad  thabof  its  -quantity  ofi  acid ;: 
but  there  exifis  another:  power^  al£>  which  ptieV'Cnts^  this  fiisple' 
refult^  namely,  the  mutual  attra^ioa  of  the  acid  and  water  to 
each  other,  which  makes  them  occupy  a  lefa  (pace  than*  the 
fum  of  their  jotnt  volumes^  which  condenfation  I  have  rficre-- 
fore  called  their  accrued  denfiiy^    Taking  this  into  theaccount, 

S  wc 


tive  may  confidcr  the  dilatation  of  Jpirit  of  nitre  as  equal  to  thofe 
cf  the  quantities  of  water  and  acid  it  contains  minus  the  con^enfa- 
tion  they  acquire  from  their  mutual  attraSlion^  and  this  rule  holds 
as  to  all  other  heterogeneems  compounds. 

To  find  the  qualities  c^  acid  find  water  in  fpirit  of  nitre, 
;who{e  fpecific  gravity  was  found  in  degrees  of  teqjperaturQ  jlif- 
fcrent  frpm  thofe  for  which  .the  table  was  conftrufted,  viz.  54, 
55^  or  56°  of  FAHRENHEIT,  thc  .furcft  method  is  to  find  how 
much  that  (pirit  of  nitre  is  expanded  or  condenfed.  by  a  greater  or 
lefler  degree  of  heat,  and  then,  by  the  ryle  of  proportion,  Jfind 
^hat  its  denfity  would.be  at  55**;  hut  if  this  cannot  be  done, 
-we {hall  approach  pretty  jiear the. truth,  if  we  allow  ^jl-^.  for 
^rvery  15^  of  heat  above  or  below  S5^  of  fahrbnheit,  when 
*hc  fpecific  gravity  of  ipirit  is  between  1,400  and  1,500 ;  and 
^<Jt^^  when  the  fpecific  gravity  is  between  1,400  and  19300. 

As  to  oil  and  fpirit  of  vitriol  I  found  the  dilatations 
exceeding  irregulaf,  probably  by  reafbn  of  a  white  foreign 
matter,  which  is  more  or  lefs  fufpended  or  difiR>lved  in  it, 
.aceofding  to  its  greater  «r  kfler^dilatioii.  This  matter  I  would 
-ftet  f^arate,  as  I  intended  tiying  f he  Mdeiifky  of  diis  fubftatKSe 
in  the  ftate  in  which  it  is  commonly  uied  In  geoeral.  t  fova^ 
tbat  i$^<^  heat  caujfe  adiH^rence  e^  about  ^rinnF  ^^  its  fpecific 
gravity  when  it  excedds  1^800 ;  ^id  of  ^Ar  ^hen  its-i^eeific 
gravity  is  between  i  ^  400  and  i  ,300,  its  dilatation  is  greater  tthtti 
tliat  of  water,  and  lb  ihueh  greater  as  it  is  (bonger. 

The  dilatations  o(  ipirit  of  ialt  are  veiy  nearly  propcolional 
£0  the  degfees  of  htat^  as  appears  by  the  fi)Ue^njg;  taUe« 
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33        -        ^^9>6 
54        •        1,1860 

66         -         1,1820^ 

Hence  ^^nr  Should  be  added  or  fubtradted  for  evcrjr  *i*^' 
above  or  below  ^.^  in  order  to  reduce  it  to  55®,  the  degree  for 
which  its  proportion  of  acid  and  water  was  calculated.  The 
dilatability  of  this  acid  is  much  greater  than  that  of  water, 
and. even  than  that  of  the  nitrous  acid  of  the  fame  denfity. 

I  now  proceed  to  examine  the  quantity  of  pure  acids  taken 
up  at  the  point  of  fatnration  by.  the  various  fubfbnces  they^ 
«nite  vidth» 


OP  THE   MINERAL   ALKAET^ 

Th^t  which!  made  u{e  of  waft  procured  from'Afr^  TraysK, 
who  by  A  peculiar  add  ingenious  ptocdfs  ratrafts  it  in  the 
greateft  purity  form  common  fait. 

Of  this  alkali  I  rendei'ed  a  portion  toicKibly  cauftic  in  the 
ufual  ii^nner^  and-  evaporating  i  q%.  of  the  cauflic  ibhstion 
to  ^perfed  dryndfs^  I  found  it  to  cont^n  20,25  S^^  ^^  ^^^^^ 
matter,  t  was  afiured,  that  the  wateiy  pairt  alone  exhaled 
during  the  evaporation^  as  the  quantity  of  fixed  air  contained 
in  it  was  very  fmall,  add  to  dUfipate  this  a  much  greater  heat 
would  be  requifite  than  that  which  I  ufed.  This  dry  alkali  I 
immediately  diilblved  in  twice  its  weight  of  water,  and  fatn- 
rating  it  with  dilute  vitriolic  acid,  found  it  to  contain  2,25 
gr.  of  fixed  air,  that  being  the  weight  which  the  faturated  f<> 
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liition  wanted  of  being  equal  to  the  joint  weights  of  the  water, . 
alkali,  and  fpirit  of  vitriol  employed. 

The  quantity  of  mere  vitriolic  acid  ncceflary  to  faturate 
100  gr.  of  pure  mineral  alkali  I  found  to  be  60  of  61  gr.  the 
faturated  folution,  thus  formed,,  being  evaporated  to  perfect 
^rynefs  weighed. 36,5  gr. ;  but  of  this  weight  only  28,38  were 
alkali  and  acid,  therefore  the  remainder,  that  is,  8,12  gr.  were* 
vjrater.    Hence,  100   gr.  of  Glauber's  falt^perfeftly   dried,, 
contain   29,12  of  mere  vitriolic  acid,.  48,6  of  mere  alkali^, 
and  22,28  of  water;  but  olauber's  fait  crydallized  contains 
a  much  larger  proportion  of  water;  for  loa  gr.  of  thefe  cry-- 
ftals  being  heated  red-hot  loft  ^^  gr.  of  their,  weight*     This^ 
lofs  I  fuppofe  to  arife  merely  from  thcv  evaporation  of  the  war 
feeiy  part,  and.  the  remaining  45  contained  alkali, ,  water,  and 
acid,  in  the  fame  proportion  as  the  100  gr.  of  glaube&'s  fait,, 
per fe6:ly  dried,  abo vemen tioned ;  then  thefe  45 .  contained  139?$^ 
gr.'of  vitriolic  acid,  21^87  of  fixed  alkali,  and  9,5^4  of  water  ;. 
confequently.  100  gr.  of  cryfbllized  glauberV  fait,  contain; 
J 5t I 9vQF. vitriolic. jicid,. 21,87  of. alkali,, and  16 4,94  of  water.  * 

I  alfo  faturated  this  alkali  with  the  dephlogifticated  nitrou$ 
acid^ . and  found  that.  100  gr.  of  the  alkali  took  up  57  of  the- 
mere  nitrous  acid  in  the  experiment  I  moft  depended  on  ;  but 
this  quantity^  varied  in .  fome  experiments  a  few  grains,  being 
ibmetime6:6o,.and  fometimes  63^gr. ;  fa  that  I  conclude  the 
proportion  of  this  acid,  taken  up  by  the  alkali,  is  nearly  the 
fame  as  that  of  the  vitriolic  acid     Suppofing  this  quantity  to  ^ 
be  57  gr-  then  100  gr.  Cubic  nitre,  perfe£lly  dry,  contain  jo 
of  acid;^  52,18  of  alkali,,  and  17,82  of  water ;  but  Cubic  nitre 
cryftallized  qontaiias  fomething  more  water;  for  100  gr.  of.* 
thefe  cryflals  lofe^ about  4  by jgentle  drying;  therefore  100  gr. 

of/ 
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^f  the  crydalliised  ^k  coiitaiii  z8,8  of  acid,  5^09  of  alkaH, 
and  2  T ,  1 1  of  water. 

Of  mere  mariue  acid,  too  gr.  of  this  alkcill  rfeqtiired  from  63 
to  66  or  c  7  gr. ;  perhaps  one  reafon  of  this  variety  is,  that  it  is 
exceeding  hard  to  hit  the  true  point  of  'faturation.  Allowing  it 
4o  be  66  gr.  then  100  gr.  oi  perfe^ly  dry  <^mimnjdlt  t^ontain 
'nearly  35  of  real  acid,  C3  of  alkali,  and  i3vof  watery  but 
too  gr.  of  the  cryftalUzed (alt  tefe  5  by  evaporation;  then  100 
fgr.  of  thefe  cryftals  coatain  JJ,3  of  acid,  50  of  alkali,  and 
J  6,7  of  water- 

The  xproportion  of  fixed  air,  alkali,  and  weter.  In  cryftal- 
tlized  mineral  alkali,  I  inveftigated  thus :  too  gr.  of  thefe  cry- 
rftals  were  diflblved  in^i^o  of  water ;  the  fblutidn  was.iaturated 
;by  fticfe  a  qtiautity  .of  fpirtt  of  nitre  aS  contained  40  of  mere 
initlroiw  add;  hence  I  kifefTed,  .that  thefe  too  gr.  of  alkali 
^contained  70  of  real  alkali.  iPhe  fatttrate  iblution  weighed 
540  gr.  Jefs'than  -the  :fum  of  its  original  weight,  and  that  of  the 
lipirit  of  mtre  added  to  it:;  theafore  it  toft  40  gr.  of  fijed  atr. 
The  remaindet,  therefore,  of  the  original  weight  of  «rfic  ay- 
^alsnnuft  havel^een  water,  that  is,  po  gr..;  confe^uent^  100 
vgr.  of  thefe  icryftals  contained  35  of  alkali,  ao  of  *fixed  air^ 
;and  45  of  watec« 

This  proportion  is,  particularly  with  regard'  to  the  alkali^ 
^very  different  from  that  found  by  Mr.  bbrgman  and  itAVOf- 
SJER,  which  I  inapute  to  their  having  ufed  foda.  feoenflly  cty^ 
.ftallized.  Mine  had  been  made  fbme  months,  and  probabfy* 
Joft  much  water  and  fixed  air  by  evaporatioD,  which  altered 
>;the  proportion  of  the  whole.  According  to  the  calculation  af 
^thefe  philofophera  zoo  gr.  of  this  alkalr  takes  up  80  of  iiised 
air. 

The 
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OF  THR  VOLATIIiE  ALKALI^ 

It  is>  not  poilible  by  the  oki' chymical  methods  to  find  the^ 
proportion  of  the  ingredients  in  volatile  alkalies,  whether  in  a 
liquid  or  in^  a  concrete  ftate;  feeing  that,  though  it  may  be 
ftpacstfed  from  fixed  air^  yet  it  cannot  from  water,  ou  account: 
of  ita  extreme  volatility^    Then  to  findithis  proportion  we  muft' 
recur  tatbe  eocperimentS'Qf  Dr.  priestley,  who  by  his  new  ana^ 
fyiis  produced  this  alkali  free  from  the  aerial  acid  and  water  ia« 
the  £3rmof  air:,  and  in  the  third  volume  of  his  Obiervations,, 
p.  294.  tinforma  us^.  that  14  meafures  c^  alkaline  air  take  up^* 
andaiefaturatediby,  1  raeafure  of  fixed  air».   Let  us  fuppole^ 
the  meafure  to  contain  100  cubic  inches ;.  then    185.  cubic ' 
i&ches  of  alkaKne  air  take  up  100  of  fixed  air;  but  185. cubic: 
laches  of  alkaline  air  weigh,  at  a  mediiun^.  42,55  gr. ;  and! 
loa  oubic  inches  of  fixed  air  weigh  57  gr.;.  then.  100  gr.  ofi' 
pure  volatHe  aU:all,  free  from  water,,  take  up  134  of  fixed  air. 

On  cKpelliog  ks  aerial  acid  from  a  parcel  of  this  alkali  in  a* 
concrete  fiate,  and  formed  by  fublimation,  I  found  100  gr.  of 
it  to  co»tatfi  ^^  of  £xed  air^.aud  therefisre,.  according  to  the* 
preceding  reafoning^  39>47  ^^  ^^^^  alkali  and  7,53;  of  water; 
per  cent.. 

Saturating  a^folution  of  this  alkali  with  the  vitriolic,  nitrous^:, 

and  marine  acids,  I  found,  that  100  gr. 'of  the  mere  alkalis 

t^e  t»p  io6  of  mere  vitriolic,  acid,  1.15  of  the  nitrous^  andi 

:  50  of  the  marine* 

The 
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The  fpecific  gravity  of  the  concrete  volatile  alkali  weighed  in 
sether  was  1 94076. 

The  proportion  of  water  in  the  different  ammoniacal  falts  I 
have  not  been  able  to  find,  on  account  of  their  volatility ;  but 
believe  It  to  be  very  fmall,  as  volatile  alkali  and  fixed  air  cryftal* 
Hze  without  the  help  of  water^  when  both  are  in  an  aerial  ilate. 

DF    CALCAREOUS    EARTH. 


I  firft  diflblved  this  earth  in  the  nitrous  acid,  and  found  that, 
after  allowing  for  the  lofs  of  fixed  air  ahd  the  quantity  of  w^a- 
ter  I  formerly  mentioned^  100  gr.  of  the  pure  earth  take  up 
J  04  of  mere  nitrous  acid  Inftead  of  diilblving  this  earth  im- 
mediately in  the  vitriolic  acid,  I  precipitated  its  fblution  in  the 
nitrous  by  the  gradual  addition  of  the  vitriolic,  and  found 
that  to  effed  this  9 1  or  9  2  gr.  only  of  mere  vitriolic  acid  were 
required* 

1.00  gr.  of  this  pure  earth  demand  for  their  iolution  111  of 
mere  marine  acid.  The  folution,  which  is  at  firft  colourlefs, grows 
greenifli  on  ftanding.  Natural  Gypfum  varies  in  its  proportion 
of  acid,  earth,  and  water,  100  gr.  of  it  containing  from  32 
to  34  of  acid,  and  alio  of  earth,  aa^d  from  26  to  3a  of  water. 
The  artificial  contains  32  of  ^arth,  291^44  of  acid,  and  38,56 
pf  water-;  when  well  dried  it  lofes  about  24  of  water,  and 
therefore  contains  42  of  earth,  39  of  acid,  and  19. of  water 
ppr  cent  J, 

;i,oo  gn  nitrous  feleriite^  carefully  dried^  contain  33,28  of 
acid,  32  of  earth,  and  34,72  of  water. 

100  gr.  marine  felenite^  well  dried,  fb  as  tolofe  no  part  of 

tbre  acid,  contain  42,56  of  acid,  38  of  earth,   and   19,44  o^ 

water. 

OF 
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OF  MAGNESIA   OR  MURIATIC  EARTH. 

This  earth,  perfefkly  dry  and  free  from  fixed  air,  could  not 
be  diflblved  in  any  of  the  acids  without  heat.  In  the  tem* 
perature  of  the  atmofphere  even  the  ftrongeft  nitrous  acid  did 
not  ad  upon  it  in  twenty- four  hours ;  but  in  a  heat  of  ISC'" 
thefe  acids  diluted  with  four  or  fix  tioies  their  quantity  of 
water  attacked  it  very  fenfibly ;  but  as  much  of  the  acids  is 
diflipated  by  heat,  I  could  not  judge  of  the  exadl  quantity  of 
acid  requifite  to  diflblve  a  given  quantity  of  it,  any  other- 
wife  than  by  predpit^ting  the  fblutious  by  another  fubftance^ 
whofe  capacity  for  taking  up  acids  was  known.  The  fub<- 
Hance  I  ufed  was  a  tolerably  caufiic  vegetable  alkalL  By  thi^ 
method  I  fo\md,  that  lao  gr.  of  pure  magnelia  take  up  1 25  gn 
jof  mere  vitriolic  acid,  132  of  the  aitrous,  and  140  of  the 
marine.  None  of  thefe  fblutions  reddened  vegetable  blues ; 
all  of  them  appeared  to  contain  fomething  gelatinous ;  that  ia 
tiw  marine  acid  becaoae  greeniih  on  flanding  for  fome  time* 

100  gr.  of  perfedly  dry  Epfbm  fait  contain  45^67  of  mere 
vitriolic  acid,  36,54  of  pure  earth,  and  17983  of  water;  but 
100  gr.  of  cryftallizcd  Epfbm  lofe  48  by  dr^g,  and  CDn£>- 
quently  contain  2397.5  of  acid,  11^  of  earthy  and  57^25  of 
water.  Common  Epfbm  (ah  contains  ^an  ezceis  of  acidf  fan 
its  ibltttion  reddens  vegetable  blues. 

100  gr.  of  nitrous  Epfom,  w^li  dried^  contain  35^64  of 
ftdd,  27  of  pure  earth,  and  37,36  of  water. 

The  foluticm  of  marine  Sp£»m  cannot  be  tolerably  dried 
innithottt  loiing  much  of  its  acid,  together /mth  the  water. 

The  fpecific  gravity  Of  pure  muriatic  earth  is  293296. 
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OF  EARTH  OF  ALLUM  OR  ARGILLACEOUS  EARTH. 

This  earth  I  found  to  contam  about  26  per  cent,  of  fixed  air, 
though  I  had  previoufly  kept  it  red-hot  for  half  an  hour  :  this 
furprifed  me  much,  as  moft  writers  fay  it  contains  fcarce  any. 
It  diflblved  in  acids  with  a  moderate  effervefcence  until  the  heat 
was  raifed  to  220"^,  after  which  I  found  the  folution  lighter 
than  the  quantities  employed  in  the  proportion  I  mentioned. 

100  gr.  of  this  earth  (exclufive  of  the  fixed  air)  require  133 
of  the  mere  vitriolic  acid  to  diflblve  them.  This  folution  I 
made  in  a  very  dilute  fpirit  of  vitriol,  whofe  fpecific  gravity 
was  i)093,  in  which  the  proportion  of  acid  to  that  of  water 
was  nearly  as  1  to  1 4.  This  folution  contained  a  flight  exceft 
t)f  acid,  turning  vegetable  blues  into  a  brownifli  red  j  but  it 
cryftallized  when  cold,  and  the  cryftals  were  of  the  form  of 
allum ;  fo  that  I  believe  this  to  be  nearly  the  proper  proportion 
of  its  acid  and  earth  ;  but  there  was  not  water,  enough  to  form 
large  cryftals.  As  this  folution  contained  an  excefs  of  acid,  I 
added  more  earth  to  it,  but  could  not  prevent  its  tinging  blue 
paper  red,  until  it  formed  an  infoluble  fait,  that  is,  oiie  that?  re- 
quired  an  exceeding  large  quantity  of  water  to  diflfolve  it,  and 
while  part  wafe  thus  become  infoluble,  yet  another  part  would 
Hill  retain  an  excefs  of  acid ;  fo  that  at  the  fame  time  part  would 
"•be  fuperfiitu rated  with  earthy  and  another  with  acid,  if  tinglag 
vegetable  blues  be  a  mark  of  an  excefs  of  acidity,  which  ii> 
deed  in  this  cale  feems  dubious* 

100  gr,  of  Altum,  perfe<Slly  dried,  contain  42,74  of  acid, 

3^,14  of  eirth^  and  ^$Joi  of  water;  but  cryftallized  allum 

lofes44  per  f  w/ 1)^^  deficca^ion ;  therefore  100  gr.  of  it  contain 

23,94  acid^  J 8^  of  earth,  and  58,06  of  water^ 

I  too 
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loo  gr.  of  this  pure  earth  take  up  as  far  as  I  can  judge  i  k^-^  of 
the  mere  nitrous  acid.  The  folution  ftill  reddened  vegetable 
blues ;  but  after  the  addition  of  this  quantity  of  pure  earth,  I 
think  it  was,  that  an  infbluble  fait  came  to  be  form*ed.  The 
iblution,  when  cold,  grew  turbid,  and  could  not  be  wholly 
diliblved  by  500  times  its  weight  of  water. 

The  fame  quantity  of  pure  earth  requires  1 73,45  of  the 
mere  marine  acid  for  its  folution;  but  the  folution  ftill  red- 
dens vegetable  blues.  After  this  an  infoluble  fait  was  formed  ; 
but  the  beginning  of  its  formation  is  difficultly  difcovered  both 
in  this  and  in  the  former  cafes. 

The  fpecific  gravity  of  argillaceous  earthy  containing  2  5 
fer  cent,  of  fixed  air,  I  found  to  be  1,^9901. 


OF    PHLOGISTON. 

Before  I  proceed  to  inveftigate  its  proportion  in  various  com- 
pounds, and  particularly  in  phlogifticated  acids,  it  will  be  ne- 
ceflary  to  fay  fomething  of  its  nature. 

It  is  allowed  on  all  hands,  that  fixed  air,  or  the  Aerial  Acid, 
as  it  is  more  properly  called,  is  capable  of  exifting  in  two 
flates;  the  one  fixed,  concrete,  and  unelaftic,  as  when  it  is 
a<3:ually  combined  with  calcareous  earth,  alkalies,  or  magnefia ; 
the  other,  fluid,  elaftic,  and  aeriform,  as  when  it  is  actually 
diiengaged  from  all  combination  In  its  concrete  and  unelaftic 
ftate  it  can  never  be  produced  fingle  and  difengaged  from  other 
fubftauces ;  for  the  moment  it  is  feparated  from  them,  it 
ailumes  its  aerial  and  elaftic  form.  The  fame  thing  may  be 
faid  of  phlogifton:  it  can  never  be  produced  in  a  concrete  ft  ate  ^ 
iingle  and  uncombined  with  other  fubftances ;  for  the  iriftant  it 
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is  difengaged  from  them,  it  appears  in  a  fluid  and  elafHc  form,, 
and  is  then  commonly  caUed  Inflammable  air.  Thefe  di^rent 
ftates  of  the  famefubftance  arife,  according  to  the  immortal 
diftoveries  of  Dr.  black,  from  the  different  portions  of  ele- 
mentary fire  contained  in  fuch  fubftance,  and  abfbrbed  by  it, . 
whtlft  its  fenfible  heat  remains  the  fame,  and  hence  called  its 

Jpecljic fire.    Foi^  want  of  attention  to  thefe  di^erent  ftates,  the- 
very  exiftence  of  phlogifton  as  a  diftinft  principle  has  been 
frequently  called  in  queftion,  and  chemifts  have  been  required 
to  exhilnt  it  feparate  in  its  fixed  ftate,  veithout  recoUeSing,. 
that  neither  caa  fixed  air  be  Ihewn  feparate  in  a  concrete  ftate,, 
Aor  that  phlogifton  may  al&  be  in  the  fame  predicament ;  vehile 
others  have  totally  miftafcen  the  nature  of  inflammable  air, 
and  ima^ned  it  to  be  a  combination  of  acid  and  phlogifton. 
The  reafon  why  fixed  air  cannot  be  feparated  from  any  fub- 
ftance in  a  concrete  ftate  is^  becaufe  when  it  is  feparated,  fiwr 
inftance  by  means  of  an  acid,,  there  is  always  a  double  dccom- 
pofition,  the  acid  yielding  its  Ipecific  quantity  of  fire  to  the 

-  concrete  fixed  air,  which  then  affumes  an  aerial  form,  while 
the  fixed  air  yields  the  fubftance  it  was  combined  with  to  the 
acid.  This  is  fo  true,  that  though  a  folution  of  lime  in  the 
nitrous  acid  yields  a  confiderable  quantity  of  heat,  yet  a  folu- 
tion of  chalk  in  that  acid  fcarcely  yields  any ;  for  all  the  fire 
that  is  fet  loofe,  and  rendered  fenfible  in  the  firft  cafe,  is  ab* 
forbed  by  the  fixed  air  in  the  fccond  cafe,  being  precifely  that 
which  converts  it  into  an  aerial  form.  The  feparation  of  phlo- 
gifton from  a  metallic  earth  in  the  form  of  inflammable  air 
arifes  from  the  fame  caufe,  the  diflblving  acid  yielding  its  fire 
to  the  phlogifton,  which  then  affumes  an  aerial  form,  while 
the  phlogifton  yields  the  metallic  earth  to  the  acid.  It  is  true, 
that  much  fenfible  heat  is  produced  on  this  occafion,  for  which 

three 
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three  fubftantial  nd£ons  may  be  affif^ed ;  Ar{i^  th(^  propprticm 
of  fixed  air  in  a  giren  ivieight  of  crude  calcareous  earth  t  is  ^ 
much  greater,  than  that  of  phli^^on  in  any  cictal,  as  will' 
hereafter  be  ihewn,  it  being  in  the  former  (Hie-third  of  th^ 
whole,  and  that  of  phlogifton  iQ  the  latter^  for  the  moft  part 
not  even  «one*>fixt}i4     Secondly,  (nuch  of  the  pfalogpbfton  coov-- 
bines  with  the  acid  itfe^f  during  the  iblution,\and  expels  parjt: 
of  its  fpecific  quanti^  of  £re^  as*  Dr.  CBAwroxD  has  (hewn, 
and  as  I  have  fince  experienced  ; :  and  this  firemuii:  oecaiion  feiir 
£ble  beati    ThirJiy^  much  o^  the  {^logiAon,  during  iblution, 
unifies  to  the  furrounding'  atmofphere, . expelling  ^  alfQ  part  of 
ks  fpecific  £re,  and  this  aUb^muft  oacaiaoa  (en^eheat;  and' 
henoe.it  is,  that  metallic  iblutsons  m  vacuo  aw  generally  ^b* 
tended  *w3Ch  lefs  heat^  though  with  a  more  violent  pSkrycfcGnct  ■ 
riian  in  open'  »r»      The  fblution  of  metal  lie  >  calces  is  not: 
attended  with  AS  maich  heat  as^tbat  of  their  refpedlive  metala,-. 
not  only  becauiejieither  the  diflblving.^cids  nor  the  furround^ 
iag  air  is  ^much  phlogtfti^ted ;  but  alio  becau£b  diey  contain ; 
an  elaflic  fluid  ^in  a  concrete  ftate,  which  abfbrbs  much  of  the 
fire  given  xMit  by  the  diflblving  acids,  as  it  acquires  an  aerbl 
fiaee. 

Tlie  oqgin  and  formation  of' inflammable  air   being  thus* 
explained, .  1  now  proceed  to  ihew.  its  identity  and  homoge**  - 
neity  with  phlogiilon.     By  phiogifton  is  generally  uiiderflood 
that  principle  in  combuftlble  bodies  on  which  their  inflamma-  • 
bility  principally  depends ;  that  principle  to  which  metals  owe 
their  malleability  and  fplendor;  that  which  combined  with^ 
vitriolic  acid  £>rms  fulphur ;  that  which  diminiihes  reipirable 
ain     Now  inflammable  air  is  that  very  principle  which  alone 
is  truly  inflammable,  as  Mr.  volt  a  has  elegantly  fliewn.     In  i 
efled:,  combuflible  fubftanices  are  either  animal  or  vegetable^ . 
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as  horns,  hair,  greafe,  wood,  &c. ;  from  all  of  which  DK 
?HALEs  has  cxtrafted  inflammable  air ;  or  charcoal,  from  which 
Mr.  FoNTANA  has  cxtradted  it,  as  did  Dr.  fri£stl£y  from 
refms,  fpirit  of  wine,  and  sether,  in  all  which  it  is  the  only 
principle  that  is  inflammable,  and  they  are  inflammable  only 
\\\  proportion  as  they  yield  it ;  or  phofphorus,  from  whole  acid 
Dr.  PRIESTLEY  has  obtained  this  air  by  means  of  minium,  for 
it  was  the  acid,  and  not  the  minium,  that  contained  it,  as  Dr. 
PRIESTLEY  rightly  conje£):ured,  the  acid  obtained  by  deliquef- 
cence  being  never  thoroughly  dephlogifticated  until  heated  and 
vitrified,  as  Mr.  margraaf  has  fiiewn ;  or  they  are  mineral 
fubftances,  as  fulphur,  from  which  inflammable  air  has  been 
feparated  by  means  of  fixed  alkalies,  and,  according  to  Dn 
PRIESTLEY,  alfo  by  means  of  marine  air,  or  bitumens  or  bitu- 
minous fubftances,  all  of  which  may  be  made  to  yield  it ;  or 
metallic  fubftances,  as  zinc  and  regulus  of  arfenic,  both  of 
which  are  inflanunable ;  but  neither  of  them  is  fo  when  de- 
prived of  its  inflammable  air :  this  is,  therefore,  the  true  and 
only  principle  of  inflammability  in  any  fubftance.  I  acknowledge 
that  the  inflanimable  air,  proceeding  from  almoft  all  thcfe  fub- 
ftances, is  exceeding  impure;  that  it  contains  from  fbme  a 
mixture  of  aerial  acid  or  of  oil,  and  from  all  fome  part  of  the 
fubftance  which  yields  it  or  expels  it,  and  hence  its  fmell  is 
different,  according  to  the  clafs  of  the  fubftances  from  which 
it  is  extracted ;  but  it  is  equally  true,  that  none  of  thefe  fub- 
ftances contribute  to  its  inflammability ;  on  the  contrary,  it  is 
fo  much  the  lefs  inflammable  (that  is,  requires  fb  much  more  air 
to  be  mixed  with  it  before  it  flames)  as  it  contains  more  of  thefc 
heterogeneous  fubftances.  Hence  inflammable  air  of  the  mo- 
rafles  is  never  totally  confumed*;   and,   on  the  contrary, 
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inflammable  air,  from  metals  which  is  the  pureft  of  all^  i& 
alfo^the  moft  inflammable. 

Secondly,  Inflammable  air  is  alio  the  principle  which  reduces 
metallic  earths  to  a  metallic  ftatCi  and  gives  them  their  metal- 
lic fplendor.  This  has  been  proved  analytically  and  fyntheti* 
cally,  and  therefore  may  be  faid.to  bd  as  completely  demon- 
flrated  as  any  thing  in  natural  philofophy:  thus  Dr.  priest* 
LEY  has  extraded  inflammable  air  from  iroa  and  ziac  by  heat 
alone ;  and  the  iron,  thus  ftripped  of  its  phlogifton,  loft  its 
fplendor,  and  was  of  a  black  colour^  which  is  that  which  iron, 
(lightly  dcphlogifticated,  always  afiumes,  as  appears  by  martial 
atbiops:  fo  alfb  zinc  and  regulus  of  arfenic,  when  once  in^ 
flamed,  loie  their  metallic  appearance  i.  fo  alfo  a  mixture  of 
lead  and  tin  inflames  in  a  moderate  heat,  and  then  both  are 
converted  into  a  calx  deftituCe  of  Splendor  and^  malleability^ 
On  the  other  band,  if  a  current  of  inflammable  air,  in  the  zGt  of 
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combuftion,  be  direded  on  the  calces  of  iron,  lead,. or  mercuiy, 
they  are  immediately  cevived  and  re{lored  to  their  metallic 
i>tm^  as  spears  by  the  experiment  of  Mr.  ch  aussisb.^*  The 
following  e^eriment  is  fiill  more  concluiive :  if  a  poliflied 
plate  of  iron  be  pM  into  a  fatyrate  and  dilute  folution  of  copper 
in  the  vitFV)tic^0t:. marine  acids  (I  mention  theie  hecaufe  they 
are  commonly^  ud^4;  Cor  "the  produ^tioA/of  inflammable  air, 
though  the  refult  is  the  fame  when  other  acids,  are  ufed),  no 
eflerve&enco^'WiU  ariie^  no  inflammable  air  will  be  caught;  but 
the  iron,  will  be  diflblved,^  and  the  copper  precipitated  in  its 
metallic  focm..  Here  . inflammably  air  muil  be  produced,  as  . 
ufual,  for  the  acid  quits  the  copper  and  diflblyes  the  iron;; but 
this  inflanunable  air  inftantly  loies  it&  aerial  form,  and  :unites 
to. the  copper^  jjail  as  fixed  air  leaves  alkalies  to.  unite  to  lime 

without 
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Without  any  eHerv*rc«ice  j  and  -  ty  tfeid  fame  ikllamttiabfe  air 
is  the  copper  evidently  reduced,  acquiring  f|>leador,  malleabi* 
lity,  and  every  other  metallic  property.     But  i£  the  fohition 

•  •        • 

of  tbppw  bte  hot  fatutated  vrkh  ce^pper,  ^  fmall  quantity  of 
.inftamn!iabrfe  air  teay  bfe  <5aught>  afe  thfe  «xcefg  dF  acid -wall  dit- 
engage 'nlctfet)F  it  frt)in  thfe iron  than  the  calx  dF  copper  can 
f^  up.  InflatMnaMe  air  is  thett  the  princi|>k  thai  mitaUi2e3 
metallit  tfarth-;  and  ff  m^slls  contaift  oiily  a  fpedlit  eank  and 
•phlogJftrti,  lirflatttn^le  4if  eei?alhly  echitain«  tf«hi<^  dfe  but 
phlogifto^ .  If  iro A  and  'th6  brifenical  abM  ite  4igetM  tD^eehet^ 
no  inflatiimable  air  is  /prbdiKSed^  but  the  a^^feuical  and  is,  in 
great  nieafure,  ccto verted  int6  l^rhite  trfentc,  a^  Mr.  BfiliG* 
Man  has  obfetved, -andalfo  Mr;  sGJffiBiA*;  what  rfeaion  caa 
:bb  aKtigned  ^Vhyinflamitibbile  air*i!»  hdt  ptod»ei9d  by  «lns  tt  well 
:is  by  all  other  acid^.;  but  th^t  ^Stm  metallic  ticid  reoeiKred  it, 
and  was  by  it  reduced  to  a  ferfti-metaUfc  f«>ria,  as  bypum^hlo^ 
iglftwi?  Yet  this  acid  produces  intlammaWe  air^  from  Aitic  be^- 
xatife  zinc  ^tes  out  mote  phfcgift&h  tliali  the  r«gidtts  is£  irfe- 
iiiic  can  take  tip:;  butk  attra<£):6  and  is  ttiecaUifcedbya  part  «f  it, 
and  it  is  only  the  excefs  that  aj^})ear6  ixi  theformof  inflanimable 
tiir,  as  Mr.  scH!i£ELE.has  remarked.  This  inilMaaableair^itideedl, 
Is  not  pure,  for  tt  holds  fomis  of  the  ^gultts  in  ^felttt^n ;  bot 
this  portion  of  tegulus  doei  ncft  ^enter  iiitb  lt<  d^figpofiiitiii,  «B 
'is  v^  evident. 

Thitdly,  inflammabte  air  ks  the  ftibfta&ce  wtiidn  wi&  *irkii*» 
olic  acid,  forms  fulphur,  for  it  is  the  vety  {ubftasice  wlikh  the 
vitriolic  acid  feparatek  fh^n  metals;  and  this  fubftitice,  £><ep{H 
rated,  when  in  fuiiicient  quantity,  andin]>r<>perfiiR:tlittftsyDices, 
unites  to  it  in  fueh  pmportion  as  to  feum  a>mmon  Ailphur* 
Th\is  fulphur  is  formed  by  difiiliing  ccmcenftrated  vitriolic  acid 

«  ^  Not.  hSc.  Upfsil.  p.  ^lo.    Kob.  ^^n.  Abcftd«  HandUogar,  toI.  36.  p.  288. 
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imth  iron  or  bifmuth,  or  by  diftilling  tartar  vitriolate  with 
xegulus  of  antithony.  It  is  this  alfo  that  diminilhes  refpirahle 
air,  as  Dr.  prikstlby  has  clearly  (hewn  in  the  5th.  voL  of  his 
Obfervations,  p.  84. ;  for  though  in  its  complete  aerial  ftate, 
after  it  has  abforbed  tliat  laige  quantity  of  fire  requifite  to  its 
aerial  form,  it  difficultly  and  flowly  unites  to  refpirable  air  h\ 
the  heat  of  the  atmofphere,  their  points  of  contaft  through 
their  difference  of  denfity  being  very  fmall,  and  there  being 
BO  fubftance  at  hand  to  receive  the  large  portion  of  elementary 
lire  they  both  contain,  and  of  which  they  muft  lolc  a  large 
proportion  before  they  can  combine  together ;  yet  while  in- 
flammable air  is  (as  Dr.  pkiestley  elegantly  exprelies  it)  in 
Its  najcent  ftate,  before  it  acquires  its  whole  quantity  of  fpe- 
cific  fire,  refpirable  air  eafily  unites  to  it,  and  is  dimdnifhed  ia 
proportion  to  its  purity ;  but  if  to  a  mixture  of  both,  igneous 
particles  of  fufficient  denfity  to  be  vifible  be  introduced,  a  de« 
gree  of  heat  is  excited,  which,  as  it  rarifies  the  dephlogifticated 
part  of  refpirable  air  to  a  greater  degree  than  it  can  inflammable 
air  *,  brings  both  into  nearer  conta£t,  increafes  their  attraction 
to  each  other,  and  both  uniting  give  out  their  fire,  or  in  other 
vrords  iffiamcj  when  in  proper  proportion  to  each  other,  with* 
out  any  decompofition  of  either,  unlefs  the  lofs  of  a  great 
part  of  their  fpecific  fire  be  called  a  decompofition,  which  lofs 
is  not  ufually  called  a  decompofition ;  for  water  is  never  faid 
to  be  decompofed  when  it  becomes  ice,  nor  metals  when  they 
become  folid  on  cooling. 

'  In  anfwer  to  all  this  it  will  be  faid,  that  inflammable  air  un« 
doubtedly  contains  phlogiflon,  which  produces  all  the  before* 
mentioned  effeds ;  but  that  the  phlogiflon  it  con  tabs  is  united 
to  fome  other  fubftancci  which  fbme  will  have  to  be  an  acid, 
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feme  an  earth,  and  others  refpirable  air.     To  thefe  bypothefeS 
I  (hall  oppofe  one  general  obfervation,  which  is,  that  fince  in- 
flammable air,  when  pure,  that  is,  when  difengaged  from  all 
heterogeneous  fubftances  which  no  way  contribute  to  its  inflam* 
mability,  has  always  the  fame  properties  ;  it  muft,  if  it  con- 
fifts  of  phlogifloh  combined   with   any  other  fubftance,  bo 
always  united  to  the  fame  fpecific  fubftance ;  that  is,  if  this  be 
an  acid,  it  muft  be  always  the  fame  fpecies  of  add,  or  if  an  earthy 
it  muft  be  always  the  fame  fpecies  of  earth ;  for  we  find,  that 
fubftances,  which  are  only  genericai/y  the  fame,  always  produce, 
with  any  other  given  fubftance,  compounds  whoie  properties 
are  very  different  from  each  other.    Thtis  we  fee  that  the  dii^ 
ferent  fpecies  Qf  alkalies,  or  earths,  or  metals^  produce  with 
0ne  and  the  fame  fpecies  of  acid  compounds  ei^tiaily  dif^ 
ferent.     This  is  a  rule  which,  as  far  as  I  know,  admits  of  no 
exception :  and  if  we  apply  it  to  the  abovementioned  fuppoii* 
tions  it  will  intirely  deftroy  them ;  for  it  is  impofiible  to  thinks 
that  the  phlogifton  can  in  every  fubftance,  that  produces  inflam* 
mable  air,  meet  either  the  fame  acid,  or  earth,  or  any  refpU 
rable  air. 

But  to  be  noore  particular,  the  following  reafbns  demonflrate 

that  an  acid  of  any  fort  cannot  be  the  baiis  of  inflammable  air* 

I  ft.  Inflammable  air  has  been,  by  £>r.  PRissTLST,  feparated 

from  metals  ^y  mere  heat.     Now  metals  contain  no  acid,  exp 

cept  perhaps  their  dephlogifticated  calK,  which  thoie  eminent 

chemifts,  bergman  and  sckeel^  {ufyeA  to  be  of  an  acid 

nature;  but  thefe  calces  cannot  enter  into. the  campi^tioa  of 

inilammabie  ^ir,  otiiertvilfa  the  iniammable  air  of  each  di&rent 

metal  would  have  *di^i:«nt  properties,  as  aliseady  fliewa :  nor 

indeed  are  theie  the  acids  that  have  been  fuppofed  to  enter  into 

the  compofition  of  inflammable  air  i  but  rather  thoie  acids  by 
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wrhole  means  it  is  extricated.  But  as  this  air  is  extricated  from 
metals,  not  only  by  acids,  but  alfo  by  alkalies  *^  this  fuppofl- 
tipn  muft  vanifli  of  courfe. 

The  fame  reafons  fnilitate  with  equal  ftrength  againft  the 
fuppoiition  that  an  earth  of  any  kind  enters  into  the  compofi* 
tion  of  this  air ;  nor  is  there  an  inftance  of  any  earth  rendered 
permanently  fluid  by  any  means,  except  in  fparry  air*  Befides^ 
if  it  were  a  metallic  eafth,  it  muft  neceflarily  be  fuppofed  to 
be  in  a  metallic  fkt^  ;  and'  how  then  could  it  efcape  the  a£tion 
of  aU  kind  of  acids }  for  no  acid  i^  capable  of  decompounding 
inflammable  2xr.  LafUy,  refpirable  air  cannot  be  faid  to  be  the 
bafis  of  inflaotmable  air,  unlefs  we  fuppofe  that  refpirable  air 
enters  into  the  compofition  of  metais ;  for  Dr.  priestlet  has^ 
by  fblar  heat,  extraded^  inflammable  air  from  them  in  a  veflel 
full  of  mercury,  into  which  refpirable  air  had  no  accefs,  and 
even  in  vm:uo.  Befides,  refpirable  air  and  phlogifton  form 
othier  compounds  very  different  from  inflammable  air,  vi%^ 
fixed  and  phlogifticated  airs  as  will  prefently  be  feen. 

It  may  alio  he  fakly  urged  againft  all  thefe  fuppofitions,  that 
they  are  not  founded  on  .any  dired  experimeht^  nor  any  known 
analogy,  bat  merely  gratuitous,  or  at  leaf):  deduced  from  expe* 
riments  inade<|uate  to  their  fupport ;  whereas  the  opinion  that 
inflamiBable  air  is  nothing  elfe  than  phlogifton  thrown  into  a 
fluid  form  by  elementary  fire,  is  direftly  founded  on  that  expev 
riadQnc  whereby  inflammable  air  is  feparated  from  metals  by 
mere  fokr  heat  in  the  moft  perfect  vacuum,  jufl:  as  fixed  air 
united  to  marble  and  in  a  concrete  ftate  (in  which  it  is  nearly 
of  equal  denfity  with  gold)  is  feparated  from  the  marble,  and 
thrown  into  a  permanently  fluid  form  by  heat  alone. 

*  Mem.  par.  1776,  p.  687. 
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•  •  • 

In  favour  of  the  exiftence  of  an  acid  in  inflammable  air,  St 
Kas  been  fiid,  that  if  this  air  be  pt&d  through  water  tinged 
blue  by  litmus,  it  reddens  inftantl^;.  I  have  feeh  this  fre» 
quently  happen  when  inflammable  air  l^as-  been  extra^ed  from 
iron  by  fpirit  of  vitriol ;  but  if  this  air  be  waihed,  by  paifing  it 
through  lime-water,  and  then  pafled  through,  or  agitated  irty 
an  infufion  of  litmus,  it  will  not  difcolour  it  in  the  leaft :  this  I 
have  feen  done  by  Mn  font  ana  in  June  1779*    It  has  alfo 

•  •  • 

been  faid,  that  inflammable  air  and  alkaline  air,  mixed  toge« 
ther,  form  a  cloud ;  but  this  has  been  fully  difproved  by  Dr. 
PRIESTLET,  in  the  fourth  volume  of  his  Obfeivations* 

That  an  earth  of  any  kind  is  eflentially  requifite  to  the  con- 
ftitution  of  inflammable  air,  feems  to  me,  utterly  improbable ; 
nor  do  I  know  of  any  experiment  from  whence  il  can  be  infer^ 
red.  That  metallic  fubftances  may  be  held  in  folution  by 
inflammable  air  is  certain ;  but  it  is  equally  fo,  that  they  no 
way  contribute  to  its  inflammability*,  and  are  quite  <liftind 
from  it. 

But  the  opinion,  that  Inflammable  air  confifls  of  refpirabk 
air  fuper-fatu rated  with  phlogifton,  is  grounded  on  very  fpecious 
arguments  drawn  from  experiments  to  be  found  in  various 
parts  of  Dr.  priestley's  works,  which  deferve  fo  much  the 
more  attention  as  the  fads  mentioned  by  that  excellent  philo- 
fopher  are  not  to  be  queflioned.  I  (hall  endeavour  to  ibte 
them  with  accuracy ;  but  fhall  at  the  fame  time  accompany 
them  with  fuch  remarks  as  feem  to  me  to  invalidate  the  con* 
clufion  that  has  been  drawn  from  them. 

In  the  firft  volume  of  Dr.  priestley*s  Obfervations  it 
appears,  that  a  quantity  of  ftrong  inflammable  air,  having 
been  agitated  in  a  glafs  jar  immerfed  in  a  trough  of  water, 

*  1  fRIfiSTIiET,   268. 
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the  fiir&ce  of  which  tvas  expofed  to  the  common  atmofphere, 
after  the  operation  h^d  continued  ten  minutes  near  one- fourth 
of  the  quantity  had  difappeared ;  the  retn;ainder  became  fit  for 
xefpiration,  and  yet  was  weakly  inflammable.  By  further  agi- 
tation it  was  diminiihed  half,  and  then  admitted  a  candle  to 
bum  in.it  though  feebly ;  but,  on  continiung  the  agitation  a 
little  longer,  it  came  to  extinguifh  a  candle.  Upon  this  I  (hail 
remark,  firfl,  that' it  clearly  follows,  from  this  experiment, 
-that  if  the  external  tefpirable  sur  had  no  accefs  to  theiniideof 
the  jar;  half  nearly  of  the  inflammable  air  was  converted  into, 
or  confifted  of,  refpirable  air,  fince  fuch  quantity  of  air  was 
found  in  it  after  the  operation.  Now  it  is  abfblutely  impoflible 
that  either  could  happen;  f6r  inflammable  air  could  not  be 
converted  into  half  nor  even  one-'third  or  one^fborth  of  its 
volume  of  refpirable  air,  as  even  one-fourth  of  refpirable  air  con- 
tains more  matter  than  four  titaes  its  bulk  of  inflammable  air; 
it  is  then  evident,  that  the  external  air  mufl  have  had  accefs  to 
it.  Secondly,  I  agitated  about  half  a  pint  of  inflammable  aic, 
obtained  from  iron  and  previoufly  paiied  through  lime-water 
^nd  kept  over  mercuij,  -in  about  twelve  times  its  bulk  of  wa^ 
ter,  out  of  which  its  air  had  been  boiled  in  a  glafs  bottle  doled 
with  a  glafsrfloppfen  The  agitation  continued  at  feveral  times  at 
leafl  two  hours.  A  large  quantity  of  the  air  was  indeed  abfbrbed, 
as  appeared  by  opening  the  bottle  in  water ;  but  the  remainder 
appeared,  by  the  nitrous  tefl,  as  noxious,  and  was  alfo  found 
to  be  as  inflammable  as  at  firfl.  Even  Dr.  priestlet  attefls, 
that  inflammable  air,  which  had  been  united  to  water  for  one 
month,  was  afterwards  as  inflammable  as  ever.     3  fr.  267. 

The  true  explanation  of  the  firfl  experiment  appears,  there* 
fore,  to  be  the  following :  Firfl,  Water  eafily  imbibes  inflam* 
mable  air,  but  does  not  combine  with  it ;  for  after  it  has  im* 
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bibed  one-fourteenth  of  it,  its  tafte  is  no  vf^j  ^^terecl,  as  Dr. 
JPRIESTLEY  has  obfervcd.  i  pr.  i^6.  Watei:  alio  eafilj  im* 
bxbes  common  air:  when,  therefore^  inflammable  air  is  agi- 
tated in  water  having  a  communication  /witjti  the  atmofpherc, 
the  inflammable  air  muft  neceffariiy  be  diminiflied  by  reafon  of 
its  abforbtion,  and  the  part  fo  ab^bed  immediately  cfcapcs 
out  of  the  water  into  the  atmofphere,  as*  is  evident  by  the 
fmell  which  is  perceived  when  the  quantityof  inflammable  air 
is .  confidcrable.  This  efcape  gives  room  for  the  further  ab- 
forbtion of  the  inflammable  air  which  then  dcapes  in  the  fanoe 
manner.  In  the  mean  time  the  common  air  under  the  jar  rifes 
into  it,  as  appears  by  the  diredl  experiioent^  both  of  Dr. 
PRIESTLEY  *  and  JVlr.  font  an  a;  and  hence  the  air  in  the;  jar 
muft  appear  by  the  nitrous  flightly  phlogiflicated  and  refpix»« 
ble  %  but  a  further  a^tation  will  decompofe  the  conunon  air, 
as  we  fhall  foon  fee,  and  then  a  candle  will  be  extinguiflied. 
The  fame  prooefs  takes  plaCe  when  inflammable  air  ftaods  long 
in  water  whofe  furface  isexpofed  Ito  the  atmofphere. 

Another  experiment  of  the  fame  tendency,  but  feemingly 
more  decifive,  is  to  be  found  in  the  4th.  v»L  of  Dr.  prisst- 
ley's  Obiicrvations,  p.  3168.  There  it  is  related,  that  a  poi^ 
tbn  of  inflammable  air,  inclofed  in  a  glafs  tube,  hertneticalfy' 
iibalfid  and  heated  unt'd  the  glafr  was  foftened^  fbtn^  the  gla& 
black,  and  the  tube  bring  opened,  the  air  was  found  reduced 
to  one- third  of  its  bulk  ;  and  this  reiiduum  was  found  to.  be 
mere  phlogifiicated  ,air^  neither  precipitating  lime-water,  nor 
i)eing  afFed:ed  by  nitrous  air,'  or  in  the  ieaiil  inflammables  Yet 
decifive  as  this  experiment  appears,  a  littte  consideration  wiM 
ihew  the  abfolute  impoflibility  that  inflammable  air  fhould  con* 
(ift  of  one- third  phlogifticated  air  and  two- thirds  phlogiflon ; 

*  1  BJi*.96*.  259,  .  3  p&.  156,    Phil.  TranC  17^  p-44>» 

for. 


kr^  la  the  firft  pkce,  one 'Cubic  inch  of  ph}ogifticated  air 
weighs  0,377  of  a  grain:  now  let  us  ixappofe,  that  to  this 
phlogifticated  air  is  addpd  two-thifds  of  its  bulk  of  phlogifton; 
and  to  make  the  fuppoiitio'n  flill  ilronger,  let  us  alio  fuppofe^ 
that  phlogifton  has^  no  weight;  then,  by  the  fuppofition,  this 
compound  of  phlogifticated  air  and  phlogifton  will  conftitute 
inflammable  air,  and  amount  to  a  bulk  of  three  Cubic  inches^ 
and  thefe  three  Cubic  inches  will  weigh  no  more  than  0,377 
of  a  grain ;  but  if 'three  Cubic  inches  of  inflan^nidable  air  weigh 
Ojjfy*ofz  grain, 'oY^Ctibic  iiich>  fl^mld  weigh  0^105  ^^ 
grain,  ivhich-  cannot  ^  bi$ ;  for  tlien  inflamntiable  air  would  be 
little  more' than  one*^hird  lighterr-than  common*  air,  contrary 
to  all  the  experiments  that  have  been  hitherto  nbade,  -  and  par^ 
ticuiariy  thbfd  of  -Mk^;  o:MV£KXusfi,  FbH>pA»£AV  atid  Drl  PttiBd!]^^ 
LEY  h^mfelf,  which  fliew  it  >to  be  about  eie^en;  times  fighteff 
than  ciammon  air.     S^bondfy 9  It  is  faid,  that  the  matter  which 
ftained  the  glafs  blacks  wag  the  true  phlogiftiiS:  part  of  inflam* 
inable  aiir,  tod  <M^s  sfftteikvards  i^eparated  by  nieank  of  ininium« 
This  then  cootaiA^fid  ptitogifticate^  lair;  but  is  it  not  certain,, 
that  if  there  had  been.^c^Migh  of  it,  the  idinium  would  have 
been  rednced  and  conveke^' into  lead  ?  And  might  not  inflam^ 
mable  air  be  again  Separated  from  that  lead,  though  no  phlo*- 
giftieated  <>t  common  air  Were  at  hand  to  fupply  its  other  fup- 
pofed  Gonftituent  ^airt  ?    Thirdly,  In  one  of  Dr;  priestley'* 
experiments  the  inflammable  air,  contained  in  the  glafs  tuba 
which  was  moft  heated,^  was  reduced  to  fo  fmall  a  bubble  that 
no  experiment  could-  be  made  <mi  it :  therefore,  in  this,  at  leaft^ 
the  quantity  of  phlogifticaCed  air  did  not  anHoMnt  to  one-third,, 
but  was  quite  inconfiderable ;  the  remainder  thbn-  being  taken 
^P  by  the  calx  of  lead  in  the  glafs,  was  pure  mere  phlogifton, 
fo  that  this  experiment  is  a  ftrong  proof  of  my  opinion.. 

Fourthly^ 
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Fourthly,  Jf  frhlogiftoh  <Jould  tie  r  decpmpibfcd:  by  feeat^-  foxi 
then  leave  a  refiduum  of-  phlogifticaited  air,  amounting  to  one- 
third  of  its  balk,  the  diminution  aridng  from  its  infiammatiba 
with  common  or  dephlogifticated  air  CQuid  never  be  fo  great  as 
it  is  found  to  be  by  repealed,  e3q)eriments ;  for  when  inflam- 
mable and  common  air  are  fired  in  the  pr6|>ordon  of  eleven  of 
the  latter  to  four  of  the  former:,  a  bulk  equal  tp  the  whole  of  the 
inflammable  air,  and  to  ono-fifth  of  the  cpmmon  air^  difap- 
pearsi  according  to  Mr^^voLTrA  *,  stid  (hei  idioHnAitKXl  is  about 
two*fifth?:pf  the,  whole,  qt  rAoxt  cxadly.o\U;  of  fifteen  mea« 
fure^,  only  S,8  remain  j  but  if  the  inflammable  air  were  decom* 
pofed, ^nd \pue*tlurd  pf  it,,  being  phlqgifticated  air,  (hould 
xcfxmj^t  thdn  not  quite  orie-fifth  of  the  whole  would  vaoifh, 
and: the  refiduum - fliould  be,  10,54  n^cafuj:^.  :  This  evidently 
proves,  that  pure  inflammable  air  is  never  ii^oo^pofed  (unlefs 
the  ^pfs  of  its  Aire  be  called  a  decompofltioti) ;  but  in  the  a£t  of 
inflammation  is  tPtally  transferred  upon  the  pure  p«lrt  of  refpira* 
ble  ^ir  to  which  it  unites.  Fifthly,  To:  pbtaiu  ftiU.at  clearer 
iafight  intp  this  nutter,  I  intreated  M)r#  cava^Lq,  who  is  very 
expert  in  the  management  of  the  blow-pipe,  as  w^ll  as  in  pneu* 
matic  experiment's,  to  repeat  this  experiment  in  my  laboratory. 
We  accordingly  filled  a  tube  10,5  inches  long;  a&d  pne- fourth 
of  an  inch  in  diameter,  with  inflammable  air  from  iron  re* 
ceived  over  mercury,  and  having  made  the  tube  red?-hot 
throughout  and  black,  and  foftened  iffyht  as  to  endanger  the 
efcape  of  the  air,  we  opened  it  on  mercury.  The  air  was  di« 
miniflied  only  one-tenth^  and  inflamed  with  an  explofion  as 
loud  as  an  equal  quantity  of  the  fame  inflammable  air  that  had 
not  been  heatedt 

•  Ro«.  April  1779,  p.  195. 
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TThe  only  queftion  that  remains  then  is,  whence  the  phlo- 
^fticated  air  proceeded  which  Dr.  Priestley  mentions  to  have 
found  ?  The  circumftance  of  his  experiment  would  furnifh  a 
plaaiible  answer ;  but  the  do6^or  has  lately  informed  me,  that 
he  believes  the  air  was  really  inflammable,  but  being  a  very 
^mall  quantity  efcaped  before  the  flame  could  be  applied* 

it  feems,  therefore,  fufliciently  proved,  that  inflammable^ 
air  purified  from  the  acids  or  other  fubftances  that  expel  it  from 
its  bails,  and  alfo  from  all  particles  of  the  body  to  which  it 
was  originally  united,  fuch  as  inflammable  air  from  metals  re- 
ceived on  mercury,  and  well  wafhed  in  lime-water,  is  <Aie  and 
the  fame  fubftance  with  phlogifton,  difleringonly  in  quantity  of 
fire,  inflammable  air  containing  nearly  the  fame  quantity  of 
this  element  as  the  fame  bulk  of  atmofpheric  air,  as  Dr.  cRAW- 
FORD  has  fouml  by  fbme  late  experiments,  an  account  of  which - 
will  foon  be  laid  before  the  public.  This  does  not  contradict, 
that  mofl:  important  difcovery  of  this  ingenious  philofbpher, 
tliat  fite  and  phloglflon  repel  each  other :  the  meaning  of  this 
being  only^  that  the  addition  of  phlogifton  to  any  itibftance, 
as  to  refpirable  air,  dephlogifticated  adds,  metallic  calces,  ex- 
pels psrt  of  the  Are  already  contained  ia  fuch  fubftance ;  and, 
on  the  contrary,  by  the  removal  of  phiogifton  from  any  fub- 
jdance,  the  quantity  of  £ce  abforbed  by  fuch  fubfbmce  is 
increafed. 

It  may  appear  extraordinary,  fuppodng  inflammable  air  and 
phiogifton  to  l^e  the  fame  fuhf^ance,  that  inflammable  air  fliould 
fliix  (o  eafily  with  \vater,  whereas  phiogtfion  conftantly  repels 
and  is  repelled  by  it ;  but  this  intirely  depends  en  the  fiate  of 
this  fame  fubflance,  which^  when  £xed  and  concrete,  is  called 
fblogifim^  and,  when  rarified  and  aeriform,  infiammahle  air.  Ia 
this  latter  Aate  it  «nixes  with  water  in  proportion  to  its  rare- 

VoL.  LXXIL  E  e  .  •  faftion, 


jTio  Contifmatfon  rf  the  Expirimenis  and  ObfcroaiSam 
faftion^,  as  it  evenrdoes  in  the  kfs  dei>ie  forms  of.  itd  amerete 
ftate :  thus  aether  is  totaUy  abibrbed  by  ten  times  its  weighc  of 
waten  The  zmttak  oiSb  of  Dippel  mixes  intirely  wi(h  water ;: 
fo  does  puce  Petrol,  and  eflential  oils  frec^ently  dUHlled,  aad 
the  iptritus  tcCkm  of  platnts* 

Much  more  remains  tabe  £iid  of  die  different  {laCe»  of  phio- 
gin:oir  from  it9  nloft  racefied  knownr  flate,  vk.  that  of  iiifladi- 
mable  air,  to  its  moftcoAdbfifed*  ftate^  that  in  which  it  is  com* 
bined  witb  metallic  earths,.  &r*  I  have  already  diAingififlled 
eight  internoediate  ftaCes;  each  difitring  from  the  other  by  ^e^ 
ponidrof  elementary  fine  they  contatti',  this  quantity  boin^,  m 
faff  I  can  judge  dinefHy^.as  tlierarefa£lidn  of  the  phlogiftoiit ;  bat 
thefe  refearches  are  fonetgu'  ter  ray  prefent  fubjed«^  I  AaU  only 
remade,  that  phlogifton,  iit  a  ftaCe  perhaps  loo  times  rarer 
than  inffarnmabie  air,  and  coniet^uently  contatnio^  much  more 
filre,.  ma^)  pcffifaly  oonAitute  the  eledric  fiiiid* 

P,  S.  Since  I  wrote  the  above,  I  have  been  honoured  with  »^ 
letter  from  Dr»  fbibstlry^  in  which  he  informs  tx^e,.  that  ho 
has  reduced  the  calces  of  iron,  copper,  lead^  and  tin,  merely^ 
by  melting  them,  in  inflammable  air  by  means  of  a  burning 
glafs,  Acertaiii:  qnantity  of  inflammable  air  was  absorbed  by 
each .  during  their  redu£^ion  ;  but  the  unabforbed  part  was> 
equally  inflammable,  fo  that  there  was  no  decompolition ;  but 
t^e  remainder  was  of  tlie  fame  nature  as  the  pait  abibrbed.  He 
alfo,  by  the  fame  meanst,  converted  nitrous  vapour  into  nitrous 
air,  and  the  phofphorrc  acid  into  phofphoras^  And  fince  tlie 
communication  of  thelaft  menticniedexperimaits,  which  feemi 
to  him  alfo  a  dirtft  pmof  of  the  identity  of  inflammable  ain 
and  phlogiflon,.  he  has  been  fo  obl-iging  as  to  inform  me,  that 
he  has  revived  the  calces  of  metals  'm*  alkalim  air  as  well;  as 
7  in 


pfi  thej^iqfic  CfravUia^  Ire.  of  SaSne  Suifiancn.      %i  i^ 

^  infinnmAiif  4^r^  tfjid  dfii  formed  a  pho^horue;  ind  that  he 
Stds  IktU  doubt  but  tkftt  ht  fliall  be  able  to  |yroduce  any  thiiig 
•eUe  tn  which  ^logiftoti  is  (uppofed  to  be  concerned.  This^  he 
iay^9  agrees  with  ^verat  of  his  i^mer  experiments,  efpecially 
diat  in  whic!k  h^  jH^pdnces  iAflamroable  air  from  alkaline  ai£« 
4>y  m&to$  of  th«f  ele^clc  4)ark  aad  volatile  atkaU  from  iroa, 
fuperiaturiuted  with  phlegiftoti  hf  means  of  mtrous  air^  which 
he  k»  repeatodly  doae  fiHce  the  publication  of  hia  laft^  volume. 
This  ob&cvaftion,  jj4$  adds,  m&y  help  to  eKpUin  iome  things  u 
iim  themyr  of  cbeWlftty^,  efpecia%  the  affinity  which  all  acids 
li»w|)Oth  witb^i^^^av  a«id  with  ^/ib&Ji  but^  be  fays,  that 
aUuditie  atr  con^kuw  fQRiething  elfe  befides  phlogiAoa }  becauie 
when  this  air  is.^fe^^  ch^r6  is  alwayg  a  refiduun^of  fdmethin^ 
ihtt  is  nekJkr  aiksHnen^r  infiammaMe  air ;  but  he  ws^ts  txK>re  fun- 
ifeiiie  to  cooB^tenod  eafitond  his  eftperioieftts  on  thisfubjed  *« 

OF  THE  QUANTITY   OF  PHLOGISTON 

IN  NITROUS  AIR. 

too  ^.  of  filings  of  ipoti  b^ng  dil&iyed  io^  a  fuffident  quan- 

« 

♦^  of  very  dU^te^vierJolic  acM  produccdi  wiffh  the  affiftaftce  of 
heat  gradually  applied,  155  cut»ic<  infches  of  hifiammable  air, 
4lie  barometer  at  2$t^9  and  the  tjtermohneter  between  50  and 
^o^  Now  inflanunable  air  and  phlogiflon  being  the  fame 
tiriftgi  this  qiiahtil^'^i^  HiftaiSMilable  air  ambvttits  to  5,42  gr.  of 
^Mo^fton. 

Again,  100  gr.  of  iron,  diflblved  in  dtephlogifticatcd  nitrous 
acidv  in  a  heat  g«duafly  applied  and  raifod  to  the  utnioft,  afford 
^3^,R;j  cubic  ihchesiif  nitrous  air.   •  And  as  this  nitrous  air  con^ 

♦^  Since  this  paper  was  committrti'to  thtr  pfcfi,  I'  find  that  Mr.  rtLLETiE*  hai 
reduced  the  arieiiiMl  aeid  toa  regtltis,  by  merely  paffing  inftatnitiable  ^ir  thronsgk 
the.ftfaiiJDa  of  thuttooid'm  twkeitt  weight  ef  water.  iloz>  Jeufcu  Februaiy  X78>» 
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tains  nearly  the  whole  quantity  of  ptilogi(fea  ^hlch  irtm  wift 
part  with  (it  being  more  completely  dephtogifticattd  by  this 
acid  than  by  any  other  means),  it  foHows,  thar  83,87  cubic 
inches  of  nitrous  air  contain  at  leailt  5,4a  gr.  ef  phlogifton ; 
but  it  may  reaibnably  be  thought  that  the  whole  quantity  df 
•phlogiflon  which  iron:  will  part  with  is  not  expelled  by  the 
vitriolic  acid,  and  that  nitrous  acid  may  expel  and  take  up  more 
of  it.  To  try  whether  this  was  really  lb,  1  calcihed  a  certain 
quantity  of  green  vitriol,  until  its  ferruginous  ba(k  was  quite 
infipid;  I  then  .ex trailed  from  64  gr.  of  this  ochre  two  cubic 
inches  of  nitrous ai#,'  confequently  too  gnorthis^'ifchre  would 
give  3,12  cubic  inches  of  nitrous  air;  and*  if '83, 8 7  cubic 
inches  pf  nitrous  air  contain  5,42'of  phlogifiron,  tlien  3,1 2  cubic 
inches  of  this  air  contain  0,2  of  a  grain  of  pklog^on }  odnfe» 
quently,  niti-bus  acid  exlrafts  from  100  gn  of  ii^qn^two  tenths 
of  a  grain  more  phlogifton  than  the  vitriolic  acid  does ;  there- 
fore 83,87  cubic  inches  of  nitrous  air;  containing  nearly  all  the 
phlogifton  which  iron  gives  out,  contain  5,62  gr.  of  phlogifton. 

Then  100  cubic  inches  of  nitrbus  air  contain  6 ^ygr.  of  pblo^ 
gijion^  and  fince  100  cubic  inches  of  mtrojus  ^  ^^igh  3999  g^ 
they  muft  alio  contain  33,2  gr.  of-  nitrous  acid^ 

Alfo,  100  ^r.  of  nitrous  air  contain  16,^9^  ofphJogi/ion^  and 
83,208.  of  acid..  -       , 

When  ficft  I  made  tliele  experiments  I  imaginedi  that  the  ni^ 
trous  air  thus  expelled  contained  all  the  phlogifton  ojf  the  metjals 
diflblved  in  the  nitrous  acid;  as  this  acid  is  well  knowp  to  flepblo- 
giftiqate  metals  as  perfeftly  as  poflible ;  but  1  loon  obferved,  as 
did  Dr.  priestlem  andMr.  font  ana,  that  the  greater  part  of 
this  is  air  reforbed  and  detained  in  the  folution,  the  acid  and  calx 
having,  according  to  the  beautiful  remark  of  Mr«  scheele,  a 
greater  attradion  to  phlogifton  tbaneitlierfeparatelyj  yet  that  the 

calcuiatioa 
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CaiebltfdoA  is  nearly  juft^*  will  appear  dearly  in  my  next  papery 
By  its  coincidence  with  the  quantity  of  phlogi^n  diicovered  la 
Ibad  by  Dr.  pftdssTLEY'  and*  tiiat  which  is  contained  Very  evi^ 
dently  in*  fegbkis  of  arfenic,  filver^  and  qnickfilver.. 
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Before  t attempt' tb:dcitermiiie. this  qiiantity,  ibwill  bene^* 
ee&ry  to  prove  that  it  contains  any ;  and  for  this  purpoie  mi* 
Antely  to  examine  its  nature  and  origin. 

Dr.  PRiEsicLEY  iirft  difcovered  that  inallrproceileSy  wherein 
phlogifton  is  difehgaged  from  any  fubftance, .  as  in^  cambisftion^ 
Pi/piratian^  cakimtian,  of.ineialsy.  pitrifa^ony.,4(^fnpoJition  of 
nitrous  air  by  refpirable  aJr^  &c.-  fixed  air  is  precipitated  from 
the  common  or  dejphiogifticated  air  in  which. theie  proceilesare 
performed,   and.  that  thefe  lafl  airSr  are  dkninifhed  both  in 
weight  aiidr:  bulk,  and  are  afterwards  lefs  fity^or  abfolutely  unr 
fiti  for  tliefe  proce&s,  according  to^the  quantity  of  phlogiftoa 
that  was  fet  loofe«.    Thefe  fafts^  are  admitted  .by  all^  let. their 
iyftems  be  what  they  may..   Howe\«er^  Dr.  briestley.  think* 
he  has  feen  one  exception^  to  this  general  rule  ; ;  for, .  he.  fays^ 
that  in  the  combufHon  of  inflammable  and  common  air  no ^ 
fixed'aif  is  precipitated,  5FR.  I24«     He  alfafeems  inclined  to- 
admit  another  exception  in  the  caie  of  the  combuftion  o£ 
fiilphur. 

The  queftions  that  here  arife  are,  firft^  whether  the  fixed' 
air  that:  appears  in  thefe  drcumftances-  proceeded-  from  the 
jaefpirable  air  or  not  ?  Secondly,  If  it  proceeded  from  the  reipi- 
table  sur,,  whether  it  pre-exifted  in  that  air ;  or  whether  it  was- 

generated. 
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geqerated  dvrbg  the  fMroceis  that  mhi\»t$  M^  «fid  if  fsk'fmhUi 
are  its  oonfiituent  parts  i 

*  The ficft  queftion  is  eafily*  survmrecl;  isv m. i»ck  (>HI«giftic 
procefles  as  are  attea^dl  vcrith  the  /deftni^ion  qf  thfi.  i^bftaocos 
that  are  known  to  contain  fixed  air,  as  thofe  of  the  animal  and 
vegetable  kingdom,  the  fixed  air  may  be  fuppofed  to  proceed  in 
many  oafes,  both  fipm  the  decimifMiff d  lubf^viae  and  ^m  the 
refpirable  air ;  and  of  this  lbr]t  ^  ti{e  pTfceiTes  of  combuftion 
of  moft  animal  and  vegetable  fubftances,  and  fermentation ; 
hut  the  fixed  aiTt  that  appears  in  itich  pUfig^iAic  proedfes  as 
are  perConfued  on  fuli^ances  ;diat  contain  noiHiusA  air^  nmft  he 
deemed  to  proceed  from  the  relpbabk  atr  fingly.  And  9f  tlus 
cafe  y9»  have  four  clear  iaAances ;  the  calcinalooQ  of  metals ; 
the  decoropoficioa  of  nitnous  ur  fay  reipj;caUb  ak ; .  t\m.  diouDt*- 
tion  of  common  air  by  tiie  ekdric  ipark ;  and, .  hJUy^  its 
dicmnfifttioa  by  a^Kiigamatbn. 

AiKi  firll  as  to  the  calcioatioa  of  mefi^s^  Dn  FitisaTZ.BY 
has  obferved,  that  by  this  operation  refptndble  air  (and  oit^tlf 
reipirable  air)  is  diminiflied  between  cmenfourth  said:  Aiie^iiftht 
both  in  its  weight  and  bulk ;  but  Mt»  LAinoiaieii  has  dement 
fttated,  that  oothing  is  loft  or  e&apes  through  the  veilels  (as 
Mr.  scHEELE  would  have  it) ;  for  the  wei^t  and:  naateriais 
continue  U!id'Hniiii(hed  when  the  operatimi  is  penfornacd  Hl 
clofe  veffek**  That  part,  therefore,  wliich  the  air  loica  is 
taken  up  by  the  metallic  calx,  which  accordingly  ia  fcfond  to 
gain  the  very  weight  which  the  air  lodes.  Now  the;  air  coa- 
tauicd  in  the  calx  is  fixed  air ;  for  Mr.  lavoisier  .al£ik  oh- 
ferved,  that  by  the  calcination  of  lead^  by  icdar  heatyovec  Jime- 
water,.  the  water  was  rendered  flightly  turbid +.    It  iaitniet 

*  Mem.  Par.  1774. 
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ffi^  Dr.  iRtESTirET,  in  a  fimilar  experixxient,  did  not  obferve 
this  nu-bidity;  but  he  accounts  for  this  circumftance  very 
juftly/  by  fu|)po{ing,  that  the  calx  of  lead  abforbed  the  fixed 
air  preferably  to  the  lime.  .A^  this  fappofition  is  not  gra- 
tuitous ;  for  me^tic  cakes,  aad  particularly  thofe  of  lead,  are 
known  tx>  attra^  fixed  air  as  flrongly  as  quick  lime^  or  rather 
more  fbong^^ :  and  what  fets  this  matter  beyond  all  doubt^ 
the  cakea  ef  lead  aU  yield  fixed'  air  by  heat,  and  the  grey  calx 
-%f  leifd,  JA>partiisuiar,  wliich  wa^  that  produced  by  Dr.  priest- 
USY,  kk  the  esqfsfleriment  to  which  I  allude,  afibrds  by  heat 
fixed  air  only.  Other  calces  of  lead  after  fixed  air  afibrd  al(b 
def4ilogifticafe6d  air ;  but  t^is  I  ihall  fhew  alio  to  have  been 
originally  fixed  air.  If  filings  of  iron  be  mixed  with  water  ia 
cUie  veflbls)  th^  will  be  converted  into  ruft»  and  the  incum- 
bent sor  diminiihed  one- fourth,  as;  Mr*,  l avoisier  attefls  f  ; 
bu€  I3ft.  pft t£stE&7  has  ihewn,  that  ruft  of  iron  yields  fcarce 
2Bf  ether  thafi  fi^xed  air,  which  may  be  expelled  out  of  it  by 
mere  beat  |«  Nay§  iren  alone,  expoied  to  common  air  over  a 
te&l  of  water  for  three  months,  reduced  this  air  one-fifth; 
and  being,  expofed  to  dephlogiflicated  air,  over  a  veflel  of  mer*^ 
eilry,  it  reduced  it  one«teilth  in  nine  months  §,  In  all  thefa 
tales  the  fixed  air  could  furely  come  from  nothing  elfe  btft  the 
incumbent  refpirable  air  and  the  phlogifton  of  the  metah 
.  Secondly,  It  i&  well  known,  that  if  nitrous  air  be  decoai* 
fk^ed  by  refpirable  air  over  lime-water,  the  lime  will  be  precis 
^ttated  ||;    In  this  cafe  alfo,  the  fixed  air  mufl  proceed  from  the 

*  voGEL,  i  S99.    aN.  Aft.  U^fal:  240.    IX  M^ixu  Scar*  Itraog.  544* 
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tefpirablc  air  and  the  phlo^fton  of  the  nitrous  air ;  for  k  can- 
not proceed  from  the  nitrous  acid,  as  this  acid  is  not  decom* 
pofed,  but  is  t^en  tip  by  the  water  over  which  the  mixture  of 
both  airs  is  made,  as  Mr.  bewly  has  undeniably  proved :  and 
hence  it  is,  that  tmlefs  a  large  quantity  o^  lime-water  be  nfed 
fb  as  to  contain  enough  for  both  the  nitrous  and  aerial  acids  to 
aft  on,  there  will  be  no  precipitation  of  lime,  as  Mr.  pontana 
%xas  obferved ;  for  the  nitrous  acid  will  feize  on  the  lime  pre- 
ferably to'the  aerial.  Dr.  Priestley  indeed  obferved,  tiiat  if 
a  bladder,  filled  withnitrotis-air,  be  dipped  in  iime-wAer>  it 
occaiions  a  precipitation  of  lime  on  the  furface  of  the  water. 
1  PR.  2x3.  But  he  eliewhere  acknowledges,  that  this  ppo- 
(ceeds  from  the  inability  of  the  bladder  to  confine  nitrous  air» 
1  PR.  76.  and  12S,  which  Mr.  baume  alfo  long  ago  obferved^ 
without  knowing  any  thing  more  of  this  air.  baume  fivr 
rjEjher^  285.  The  phlogiflon  pailes  through  the  bladder, 
and  unites  to  the  common  air  contiguous  to  it**  Befides, 
nitrous  air  aAs  on  the  bladder  itfelf,  and  extracts  fixed  air  from 
it.  I  PR.  214.  Hence  alfo,  if  rain-water  carefully  boiled,  and 
freed  from  its  own  air,  be  made  to  abforb  a  quantity  of  nitrous 
air,  it  will  again,  on  boiling,  yield  it  back  as  pure  as  at  ifirfl: ; 
but  if  common  water  be  made  to  imbibe  iiitrous  air  in  the 
fame  manner,  it  will,  on  boiling,  yield  alfo  a  portion  of  fixed 
air.  3  PR.  109.  Does  not  this  happen  dearly  becaufe  common 
water  contains  atmofpheric  air,  or  air  fomewhat  purer,  which 
is  converted  into  fixed  air  by  mixture  with  the  nitrous  sir  ? 
This  experiment  alio  ihews,  that  water  itfelf  never  unites  to 
|)hlogiflon,  fince  it  does  not  take  any  from  nitrous  air,  where 
che  u&ion  ^f  phlogifton  to  the  acid  is  of  the  laxeft  kind. 

♦  3  FK.156. 
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Thirdly,  If  tibe  ele£fcric  fpark  be  taken  through  common  air^ 
this  air  will  be  diminiihed  one^fourth,  and  a  folution  of  lime, 
if  contiguous,  will  be  precipitated,  and  a,  folution  of  turnfole 
tinged  red.  i  pr«  184.  i  86.    Whence  could  th^  fixed  air  here 
produced  proceed,  but  fro$m  the  commoi;!  air,  and  the  phlogifton 
of  the  metallic  conduftors^?  This  excellent  philofopber  has  even 
ihewn  it  could,  proceed  from  nothing  elfe;  for  after  that  air 
had  contributed  all  it  could  to  that  produdion,  that  is,  was 
diminifhed  to  t&e  utm^,  l>e  changed  the  liquors^  but  could 
produce  no  di3i>ge  in  their  colour,  nor  the  leafl  (ign  of  fixed  air. 
This  experiment  has  alio  ^been  repeated  in  France,  and  the 
infide  of  the  gUfs  tube,  in  which  the  comipoa  air  wa$  coiir 
tained,  was  moiftened  .  with  a  .  ^^ution  of  cauflic  fixed  alkali, 
and  the  alkali,    a^ter  the  operation,  was  found  cr^flallized ; 
but  when  the  tub^  Wjas-€^aufled  of  air,  apd.  thcs.experimeQl; 
repeated,  no  change  whatfoever  was  found  in  t;be,^lk;di.    EJfai 
Jur  rEkSriciii^  par  Mr.  Le.Comte  ob  ^a  cepeoe,  vol.  l\ 

Fourthly,  If  lead  and  mercury  be.^itated  in  a  phial,  partly 
£lled  with  common  air,  this  air  will  be  diminifhed  one-fourth^ 
and  the  refiduum  will  be  found  completely  phlogifticated.  The 
diminution  will  be  flill  greater  if  the  phial  contain  dephlo* 
gifticatcd  air.  i   pr.  149.     The  lead  is  converted  into  a  calx, 
calcination  being  the  known  effeft  of  the  amalgamation   of 
the  bafe  metals ;  and  this  calx  abforbed  the  fijc^d  air  produced, 
for  Dr.  PRiBSTLET  expelled  this  air  from  it.  i  pr.  144. ;  and 
hence  an  amalgama  of  lead  and  mercury  decrepitates  when 
heated  ♦.     Whence  could  this  fixed  air  proceed,  but  from  the 
r^irable  air?   For  furely  neither  lead  nor  mercury  contain 
any- 
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'   It^  die  above  expmnVeirt^  be  lattended'  td    tlife  a4i(wer-tb'"ithe. 
r^cond -qi^eftion'  t^^  enuany'*bl)vibftW     !t'  ir 'cfeptaini  tlidt 

cbimmpii,  air  does  nof  cOiiM*  bf^ on'e^fblfttli'  of  tts .  tliilk  of  fixed 
nir ;  for  if  it  did;  th'e' ffetiiaihin^  thf^-'fotirthsHiuft  Be  dc^phlo^ 
girficated  air:  ii\A\((6,'i\ik'ti\\U  weightolF  a  rbix^ 

ture  of  thrce-fburths'HeplilbgiftickteiJ  aif^^to^  orte- fourth  flxdd 
air  (hould  coincide'  at  leaft'  neartjr^^wiih  fhe  abfHlute  ^weight  dt 
an  equal  bulk:  of  C0iriititon  air;'  biit  infaft  it  is'^eiy  far  frbid 
it:  for  four  cbbifc  Itfcnes  of  tonimott  air  ^feigh€fd'ri5'4  gn  j 
but  a  mixture  of  three'  cubic  inches  of  dej^oglfticated  air^'awl 
one  of  fixed  air  Weighs  1,93  gr. ;'  neither  iiiBeed^  had  fb  largd  a 
portion  of  fixed  air  befeh  ever  fuppofed  to  exift  in  cdtnmon  ait  J 
Befides,  if  fixedair'pref-cfxifted^ih  common  air,  it  might  be  fepa* 
rated  from  it  by  liAi^-Water,  atleiaft  iii  fotrie  degree,  I  have 
mixed  one  part  pf  fiked  air  with  twenty  of  dej^hlogifticat^d  a5r,- 
and  alfo  with  tAventj/  of  phlogifticited  aiif  InekAc  veffek,  add  ^ 
thefe  mixtures  didVot  fdilto  fetidcr  lime-water  turbid.  But  1^ 
common  air  be  agitated  in  lime-water  ever  lb  long  in  -  clbfis; 
veflels,  not  tfie  leifi  cloudinefs  will  apjteaf 'J  n6r  docs  ^idc4idie, 
in  thefe  circumftances,  in  the  leaft^6t' comtridW  diiV'  im  DrW 

PRIESTLEY  has  oHfef vc^.  2  p«.  1 84^    The  fjidfitkneoud-  ^pre*^ 

cipitation  of  lime-water^  arife's  ihbefbre  f^iijt^n  aCcidetit&idil^ 
fufion  of  fiied  air  through  common  air,-  aiftl  the  flowftfefs  of 
this  precipitation  (hews  its  quantity  to  bre  viery  fttoall.  The ia* 
ference  from  the  above  experirnerits  will  be  nn(<ich'  ftfdtiger 
againft  the  pre-ekiftence  of  fixed  air  in  refpii-iible  air,  if,  itifteadDf 
comnion  air, -dephlogiiiicated  air  be  ufed;  for  th^re  the  dimi* 
nution  is  fb  great,  and  the  quantity  of  fixed  air  produdsd 'fo 
confiderable,  that  it  can  by  no  means  be  fuppofed  to  have  pre* 
cxifted,  its  properties  being  H^  very  oppofite  to  thofe  of  de*- 
phlogifticated  air.  .       - 

To 


,  T«  this  It  has.  been  an^e^ed,:  firft,  ..that  £^  air  in  coinmo]| 
9ir  is  unil^  eo  ioixxe  ^iU^qwii  baii$,^^^hich  attracts  it  more 
fiiroogty  thw  quick-Ufne  d^es ;  but  that  it  is  precipitated  fron^ 
that  bafis  .by  the, pW<)|^on  fet J^)ofe  m :  phlogiftic  proceffe^i 
which  is  ftiU  jQQKMT^i'ftyQqglyUttra^ed  b^fs^at  Ijails ;' aod^^Jf^ 
coadly»r/th4t  th6  4klW^4^on  bq|)i  of,^  wdghtiand  bulk  of 
zeTpisabk  .air  in  |ihl^^c  procefl^  ^J^s  aot  ^rif^  mtlrgljr>..j&oa;f 
the  (epsw:ati<«i;Qfr^^4^l't  but  frqm.fainerOth^r  c^fe*.  y«^.., 

Bnt;»<sith4rfp(fftth|>ift'9nA«fPfA>is  ^i?fe<^ory,:.  fqj  t^jfupp9% 
tioaof  fuoh  fiM/^4$  ^vidjgnitjly-.gi;aftaf;»i%  ]>?«Jg.C«fifi«»ted  by 
not  oae;e»ptfW(ipnl;.  It  ifir  j^fp  j^o^ijtrjry.  tp.;  analogy^  the^ 
l>dng  no  toibln«  ^f  |hs,  |fcfia^49»  fif  .fiwd  aiy j,  fw?r  j)f  any 
other  acid*:  ^fon^  i#tty  fvfeftj«¥:^;fl;^re|y.by-^^  g*?ater  affinity 
jbf  pUogiilon  l^/fU^^b^(^  f^Ji^s.^^ro^infijflgicjtait  for-jthe 
purpofe.  JhtifVf\wkiit<  W>s  /;3flafid  iffepfcdepbjq^qataii  air 
97  parfu  in  Ifto-iwe  i^^f^\Asi^xx^rfys^.^^j  ffelggiftiorproceOef ; 
and  ciui  it/bfi4i«2^^d»r  t;hati97,  pj^r^fy^ft^  loo-of  it  .iyer^n3^« 
fixed  aii^witctdftcrlfi^  tfeai*  ibje^j^gaxt^  of  an  unk^^ypib/ifi^^^^^ 
lhyii\h(A^jai  tbre^/pans;  *%y/accpr4ing*o  the  :P^?Jifc4\E^ 
^fitioh,  ;thiB  iJiSB^etlml^^s^^^  th^ 

ibbftbhce  that  i«p^i^Q^  ,the  fixed  air  fro^  it,  a^^y^i^  ^j>dthe 
/trhoktjuanttty  ofi  phlog^Gbo  ;it  tooH  up^r  amounted  but  to.three 
parts  .of  an*  hundreds  j*<laft  %  .be  fupfofed,  that^  this  ryaft.  pror 
-potion  of  >fixed  iatri^/Qiid^liot  Iq  the  dq^^  f^ftiijnQie^w^teir^  as 
^lure  dephlc^fticated  ajr  i$fktn9Wii:not  to^c^ji^  ^Can  if  be  fuppofed^ 
*.tfaatifuoh^.ioaiQ$n£b  c^uaptity  of  fixe(^.mr,,  combined  iwi^tl^  any 
ibafisy .  would  |[>Q.fo.fup|rlatively  fitted  for  all  ^pl^logjilic  proceiTe^, 
while, ifikid(r4ii:)[  vx  its  difengpag^  i^^te^'U. .totally  pnfit^  for 
themi/BfiiidQSf  this  Vnlp^yr^  baAs^  ajftfrv^ji,  f&  nothingi  but 
pbiogiftiitatedftiri  with  .which  fiKed<aiF  ifr^iopajpable  of  contra^- 
viiigatly^unfooi;  /and  if  ;it$;p|pkk>gif]^  be  wafh^  away,^  it  is  not 
^1  >vhi  F  f  a  found 
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found  drtFcrent  from  common  air  (lightly  injured.  Axrcordingly, 
we  find  that  this  conjefture,  firft  advanced  hy  Dn  prisstley 
in  the  infancy  of  his  refearches,  is  now  aibandoned  by  him* 
Vol.  V.  p.  3 1 .  Aad  he  now  juftly  thinks,  that  common  air 
does  not  contain  above  -/:,.  of  its  bulk  of  fixed  air. 

^  As  to  the- diminution  of  bulk,  it  is  certain,  that  the  whole  of 
it  does  not  proceed  from  the  feparation  of  fixed  air ;  for  though 
no  part  of  the  fixed  air  ihould  be  abforbed,  yet  iince  part  of  the 
comimon  air  is  converted  into  fixed  air^'  there  muft  be  a  diminu- 
tion of  bulk,  fince  fixed  air  is  fpecificaily  heavier  than  commoa 
air,  and  the  bulks  are  inverfely  as  the  (pecific  gravities ;  but  the 
diminution  of  mafs  muft  wholly,  and  that  of  bulk  muft  alfo 
for  the  greater  part  arife  itoai  the  abforption  of  fixed  air  by 
water,  or  the  fubftance  from  which  the  phlogifton  proceeds.  I 
have  fucceflively  added  fix  meafures  of  nitrous  air  to  two  of 
dephlogifticated  vkt  from  precipitate  perfi^  and  after  each  addi^ 
tion  transferred  the  mixture  into  frefh  lime-water,  and  after 
each  I  found  the  lime  precipitated  until  the  whole  was  reduced 
to  dne-tenth  nearly,  fo  that  hine<*tenti[i«  of  this  dej^logifticated 
air  was  evidently  cbnverted  info  fiked  air  i  and  iince  fixed  air 
'did  not  pre*exift  in  the  dephlogifticated  air,  it  was  evidently 
produced  by  the  union  of  the  phlogifton  of  the  nitrous  air  with 
the  truly  dephl^ifticated  part  of  the  dephlogifticated  ain 

Here  we  fee  how  fixed  air  is  generated  in  raoft  other  phk> 
giftic  proceftes,  performed  in  common  atr.  The  phlc^gifton-is 
attraded  by  the  dephlogkticated  part  of  common  air,  unites  to 
it,  expels  part  of  its  fire,  and  fo  forms  fixed  air ;  JA  a  part  of 
this  pure  air  generally  efeapes  the  action  of  phfogifton,  being 
protefted  from  it  by  the  quantity  of  phlogifticated  ak:  which  is 
always  found  in  common  air,  and  which  forms  ^hoMt  two« 
thirds  of  it,    in  the  fame  manner  as  gold  is  proteded  by 

filver^ 
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filver,  and  filver  by  gold,  from  the  aftion  of  their  rcfpe&ive 
menftruums ;  and  this  ts  the  reafon  why,  in  fome  phlogifHc 
procefles,  the  diminution  is  greater  than  in  others ;  and  vthy 
the  4iminution  continues  to  increafe  (lowly  for  a  long  time. 

Nor  is  the  fuppofition,.  that  common  dr  confifls  of  two 
fluids,  one  phlogifticated  and  the  other  dephlogLfticated,  gra- 
tuitous ;  it  is.  pointed  out  by  feveral^  experiments.  If  a  mix- 
ture be  made  of  three  parts  phlogifticated  air  and  one  of  de* 
phlogifticated  air^  it  will  exa£lly  perform  the  fun£tions  of 
coaunoQ  air ;  a  candle  will  bum  in  it,,  an  animal  will  live  in  it^ 
juft  as  in  common  air  *•  Befides,  common  air  may  in  fbme 
meafure  be  feparated  into  thefe  conftituent  parts  by  lying  over 
pure  water;  for  dephiogifticated  air  is  much  more  mifcible 
with  water  than  common  air,  as  Mr,  fontana  remarked, 
Phil  TranfL  1779,  p.  443.  and  444  i,  and  scheele  on  Fire,^ 
§  94.  Hence,  if  common  air  be  fufiered  to  ftand  fome  time 
over  pure  water,  it  will  be  diminifhed,  the  purer  part  being  in 
great  meafure  ablbrbed  by  the  water,^  and  the  remainder  will  be 
found  to  confift  of  fo.  large  a  proportion  of  phlogidicated  air 
that  a  candle  will  not  bum  in  it,  i  pr.  158.  4  pr.  ^53^  Mr* 
SCHEELE  again  expelled  that  part  which  the  water  had  abforbed^ 
and  found  it  dephlogifticated.  He  alfb  found,  that  phlogiili-^ 
cated  air  is  not  at  aU  ah£brbed  by  water,  ibid. 

Hence-  we  fee,  why  the  whole  of  any  quantity  of  common 
^  can  never  be  converted  into  fixed  air;  for  no. part  of  it  will 
unite  with  phlogiAon,  but  the  dephlogifticated  part  (which 
never  exceeds  one-thijid  of  the  whole).  This  Mr.  scheblb 
bas  decifively  proved  by  expofing  liver  of  fulphur  to  "a  mixture 

*  Mem.  Par.  1777,  p*  igi. 

f  He  informed  me,  that  water  takes  up  one-fourteenth  of  its  bulk  of  depblo^ 
pilicatcd  air,  aad  only  0Qc*twcQty*eightb  of  common  air.. 

of 
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of '  pMogifticated  and ' deplilb^^iflitated  air'j^  tfie"m?xtare  ^afe 
dimiiiiflh^d'iii  the  fanib  j^rbportbn  as  it  cbiifcaiilcd- dephlogifti^ 
cat'ed  iair,  aiid  lib  iiiofe, '^ckTEEtE,  §  43.         "'*  ^- • 

PhlbgifticatSd  jtir,  thdref^^^  is  not  theS  ufual  ^proQda:' o^ 
common  phlogiftk  procefles ;  btit  the  phlogifticatfed'fefidWfum 
that  is  found  aftferfiich  pr6cfeffes  rtiuft  have  pre-fexiftcd,  iftthat 
evidently  does  whicH  isfbund  dftfer  the  mixlture  of  nitrous  and 
very  pure'deplilogifticated'iir,  'for  almoft  the 'Whole  of  this-l^ 
is  turned  into  air  SvKi^h  is  dbforbfed  bjr  v&*atcr,  and  pr^ipitatoi 
Iirhe,  as  tve  haVe  'already  'ften/ Ifd  that  ttb  pSrt?  of  it"*is 'con- 
verted  into  phlogiftichted  air/  this  feeing  ittmifdbl*' with  witet. 
Wow  coiiimbn  air  IS  ^ffedied  by  'nkrbtii  krr  jtift -in  thfefattie 
manner,  and  differs  onl^  ih'degt^ee;  therefbte  the  phlG^;tftieafe|l 
air,  which  is  Found  after  it^  phlogifticatioti^iri'thfe 'iiftal:  pit^ 
'cefles,  was  riot  produced  fey  ^hofe  operations,  but  pVe^mftedl ' 

Phlogifticated  air  cohfifts  of  fixed  ialr  fliji^r-fetui^ed  ^widi 
phlogifton,  as  fulphiir  does  of  volatile  vitriolic  iacid  'fup6i> 
'  faturated  with  jphlogifton;  add  as  fulphui"  is  rtbt  generally 
formed  when  the  vitriolic  add  unites  to*  phlogiftbtl,'biitotrIy 
volatile  vitriolic  acid,  fo  neither  is  phlogifticdtM  dir  edch  tinle 
that  pure  air  unites  to  phlogifton,  blit  rather  ffxieA^air,  I  ^fiy 
Juper-faturated^  becaufe  it  contains  fuch  a  quantity  of  phib- 
gifton  as  to  be  infoluble  in  water.  Many  eiipeiimdnts  of  Dr. 
PRIESTLEY  clearly  point  out  this  compbfitibn.  Thus  that 
celebrated  philofophef  has  found,  that  if  phlogifticatdd  air''be 
agitated  in  water,  out  of  which  its  air  had  been  boiled,  *  and 
whofe  furface  is  expofed  to  the  atmofpherfc,  it  will  be  in  great 
meafure  purified  (juft  as  fulphur  is'  decbiitipbfed  by'tritatatibn 
in  water),  and  if  then  it  be  palled  through  lime-water  ^y^g  or 
three  times,  it  renders  it.  turbid.  2  PB.Zi^f.  Here  then -the 
excefs*  of  phlogifton,  by  reafon  of  its  rdpulfion  from  water,  ;is 

eafily 
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evilly  avtra(3:cd  .by  the  tlephlpgifticated  part  of  the  cocnai<):i 
atmp^phere,  whiph  is  immediately  imbibed  by  the  water  out  pf 
wbiob  its  air  bad  been  boiled  ;  the.phlogifticated  air  1^  thereby 
decomposed  and  partly  turned  into  fixed  a^r,  which  makes .  th^ 
limep water,  turbid-'    Part, alio  of  ^tbe  fixed  air  is  decompofedr  as 
trill  presently  be  feeDt|.  and  hence  the  degree  of  purity  which  it 
aipquires.     Further,,  if  the  ele£lric  fpark  b$  takeix  in  fixed, air,^ 
tbreer fourths  of  it:  will  be-  rendered,  infoluble  in  water,  and  the 
whole. will  probably  become  fo  If  the   operation   be    long 
enough  continued,  i  pe»  ^48*    This  infolubjQ^refiduum,Mr» 
FONT A^A  found  to  be  phlqgifHcated  air ;    and  that,  if  this 
phlogiflicated  air  be. agitated  in  water  (whpfe  furfaceis  expore4 
to  the  ^mo(phere)  it  wiH  becomp  again  com^u  air.  Recbercbes 
Pbyifiques^  77^    That  is,  it  will  acquire, a  degree  of  purity 
searly  the  fame  as  that  of  common  aij:«  .,  This  fully  cpnfirm^ 
all  that  has  beea  hitherto  faid  concerning  thefe  airs ;  io  alfp,.  if 
zmi^tut^  of  filings  of  iron  and  fulphur^  made  into.apaile^ 
^.expo£$d  to  fixed  air^  and  made  to  ferment,  .part  of  the  fixed 
^r  will  be  turned,  into  phlogifticated  air,  3  pa.  ^57.    Juft  as 
in  SKiothtir  equally  curk)us  experiment  he  founds,  that  vitriolic 
air  was 'Converted  into  fulphur  by  the  gmdual. ,e](halatipn  of 
phk>gi£laa.:fiy>m/a  ^lution  of  that  air  in  water^  and  a^  it  daily 
happens  in  the  hot  baths  at  Aix  laChapelle      ^t\A  hence  w^ 
fee,  that  fixed  atr>  even  in  its  ^laft.ic  ilate,  is  capable  of  taking 
aaexcefs  ot^"  pli)ogi{)wi»  when  this  laft  is  infeutibly  feparated 
from  any  fuWlarice^  and  then  beqor^es  phlogifticated  air.  Phlo- 
gifticated  air  may  alio  be  formed  by  a  rapid  and  copious,  afiiu- 
enceof  phlogifton,  in  cettain  circumftauces,  aa  we/ (hall  fpoa 
le^.    ,I/(bouldvnot-omit,  th^t  phlogifticated  air^   after. i^C  .has. 
^>xn..  pi^riiicd"  from  phlogifton  by  agitation  in;  water,  is. again 
*:  ni.ulhabie  by  phlogiftic  prpcelles,  and  tliat  fixed  air  is  preci- 

3  plur.d 
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pitated  from  it  as  ufual.  2  pr,  219.  A  circumftance  which  at 
that  time  was  thought  inexplicable,  and  which  indeed  is  fb, 
on  any  other  principles  but  thofe  heie  laid  down,  of  which  it 
is  an  immediate  confeqXience. 

Having  thus  far  fynthetically  proved  the  cohftituent  parts 
of  fixed  air  to  b6  pure  elementary  ait  and  phlogifton,  I  ihall 
now  endeiavour  to  do  dib  fame  by  its  analyfis :  and,  in  the  firft 
place,  that  it  contains  phlogifton,  and  even  in  fuch  quantiQr  as 
to  deferve  to  be  clailed  aniong  the  phlogifticated  acids,  appears 
by  it's  adion  on  black  manganefe.  This  femi^cfietallic  calx,  as 
has  l)eeh  proved  by  that  admirable  chemift  Mr.  schsele.  Is 
completely  foluble  only  in  phlogifticated  acids,  and  is  precipi- 
table  from  them  hy  fixed  alkalies  m  the  form  of  a  white  calx. 
He  alfo  found,  that  this  manganefe  is  alfo  .foluble  ill  water 
ftrongly  impregnated  with  fixed  air,  and  is  alfo  prtcipitable 
from  it  in  the  form  of  a  njohite  tahc.  ^$  Merti,  Stock,  p,  96.     ' 

If  fixed  air  be  repeatedly  dif!blved  in,  and  expelled  fix)m  wa- 
ter, it  leaves  each  time  a  refiduum  which  is  infoluble  in  water, 
diminiihable  by  nitrous  air,  and  capable  of  fuppbrting  animal 
life.  Hence  it  is  evidently  decompofed,  the  phlogifton  fepi* 
rating  from  it,  and  gradually  uniting  to  the  common,  atmo* 
fphere  by  reafon  of  the  repulfivc  power  betwixt  it  and  water. 
Dr.  PRIESTLEY  indeed  found,  that  a  Candle  would  hbt  bt^frii  ift 
it ;  but  this  arifes  only  from  a  mixture  of  a  fmall  quantity  of 
fixed  air  not  yet  deconipofed,  of  which,  according  to  theexpd* 
riments  of  Mr.  cavendish,  one-ninth  is  fufficient  tti  eitin- 
guifh  a  candle.  -  ' 

Again,  Mr.  achard  has  converted  fixed  air  into  air  of  nearly 
the  fame  purity  as  common  air  by  paffiiig  it  five  or  fix  times 
through  melted  nitre.    Meml  Berlin.  1778.  ^^Mn*  cavallo 
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pafled  it  but  once  through  melted  nitre,  and  yet  Found  it  con- 
iiderably  meliorated,  for  it  was  diminifiied  by  nitrous  air.  In 
this  cafe  the  nitrous  acid  attrafted  the  phlogifton;  for  it  is 
known  to  become  phlogifiicated  by  the  fufion  of  nitre,  fo  as 
to  be  expellable  even  by  the  vegetable  acids*  2  N.  Aft.  UpC 
171.  And  aqua  regia  may|be  made  by  mixing  nitre  with  ma- 
rine acid. 

I  ihall  now  briefly  coufider  what  may  be  faid  in  oppofition  to 
this  dodrine. 

In  the  firft  place  it  may  be  difficult  to  conceive,  that  the 
addition  of  phlogifton  fhould  render  any  fubftance  more  foluble 
in  water,  as  it  is  known  to  render  moft  acids  lefs  foluble  in 
that  liquid ;  but  a  little  attention  will  (hew,  that  phlogifton 
does  not  always  render  fubftances  lefs  foluble  in  water  dian 
they  were  before ;  for  the  acid  of  fugar  is  lefs  foluble  in  water 
than  fugar  itfelf,  though  fugar  coniifts  of  that  acid  united  to 
phlogifton.  The  dephlo^fticated  marine  acid  unites  more 
difficultly  with  water  than  the  fame  acid  does  when  phlogifti- 
cated,  as  the  illuftrious  bbrgman  has  obferved^.  Cauftic 
volatile  alkali  has  been  decompofod  by  Mr.  scheele,  and 
found  to  confift  of  an  air  infoluble  in  water,  and  phlogifton ; 
fo  that  it  is  rendered  foluble  in  water  only  by  union  with  phlo- 
gifton. It  would  be  foreign  to  the  fubjeft  to  enter  into  the 
reafon  of  thefo  exceptions,  but  the  fa£ts  are  certain. 

Another  objefdon  may  be  drawn  from  a  remarkable  experi- 
ment to  be  found  in  the  fifth  volume  of  Dr.  priestlet's  ob* 
fervations,  where  it  is  faid,  that  inflammable  air  and  common 
air  being  fired  by  an  ele£tric  fpaiik  over  lime-water,  the  dimi- 
nution took  place  all  once,  and  the  lime  was  not  precipitated ; 
but  as  it  is  equally  true,  that  fixed  air  is  precipitated  by  other 
phlo|^c  procefles,  this  experiment  proves  only,  that  in  thefo 

.  ♦  Anlchimg,  §  33$. 
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particuiar  circumftanGcs,  wherea  Upge  cjuantity  of  idilogilbn; 
is  fu4denly.  heated  and  transferred  aU  at  once  upon  tibe  dephlo»- 
gifticated  part  of  coiiuxion  air^  phlpgifticated  air  may  be  formed' 
as  fuiphur  and  volatile  acid  is  formed,:  whea^alarge quantity  of 
hot  phlo^ifton  is  united  all  at  once^tothe  vitriolic  acid^ 

Analogous  to  this  is  another  experiment  of  Mr.  gavalco^s^ 
where  he  foundy  that^  by  the  ekploii^Q.  of  gunpowder,  a  large* 
quantity  of  phlogifticated  air  is  produced  *  ;  and  alfo^another 
of  Dr.  Priestley's,  ^herei/i  hp  iS>undr  that  by  firing  a  mix- 
ture of  equal  parts,  fulptuir  ?ind  nitre,  only  one-twelfth  of  the- 
air  produced  was  fixed  air,  the  remainder  being  phlogi/ticatec^ 
air.    But  I  own  the  circupiftances of  the  former.experiiaeat  are 
not  as  yet  well  known  to  v^t^^  not  having  beeniable  to  repdat  it  in: 
fuch  a  manner  as  to  remqve  all  doubt  either  erf.  the  efcape  aS 
the  air  through  the  cement  which  fixes  the  wire  that.condu£la- 
the  eledric  fire,  during  coffibujftipn ;  or  that  the/fmall  quan- 
tity of  inflapuna)ble  air;  19 fgd, prevents  ithe  fixed- from  being  ftn— 
fible.     It  may  alfo  happen,  t;h.at  tO'  the  produiStion  of  fixed  air^ 
it  is  neceffary  that  the  phlogifton  bei  cpnidenfed  to  a  certain  de- 
gree, as  it  is  in  con^moacftfes;.  ai:^perhapsy  when,  exceedingly 
rarified,  as  it  is  in  inflantmaUe  aii:  from  metals,  it  &rms  ibme 
other,  as  yet  ujilfU^wpj,^  cppipouixd.    Thus  much,  is  tcrtain^ 
that  all  other  inflanin^iable  air,  fired  with  the  ele£tric  fpark>. 
produces  fixed  air ;  and  all  other  inflamipable  air  is  fpecifically 
,  heavier  thaii^  the  jnetalli^,  aud  before  inflammation  evidently 
contains  no&cedair,.  ,Mn  WAHJ^TIRB,  aftex,burmng  metallic 
inflammable  air,  founds  a.  nvhite  powdery  Juhftance  (probably  a 
calx)  which  may  have  ab^foxbed  the  fixpdair^  ..    v.:> 

However,  in  t.he  cppflioft  procefs  of  /combufldop  of  animal 
and  vegetable  fubflances  it  is  certain,  that  fixed  air  is  feparated 

^  CAVALto  oa  Air,  p,  8ii» 

.finom 
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from  common  airj  aiid  tliat  the  wiiole  ^iimhution  Is  owing  to 
Ks  produftion  and  bBiibrbtion.  MrrtAVBlkER  iias  fet'thefe* 
points  ih  the  dbareft  light.  He  introduced  4i'  ligKtefd  candle 
into  d  receiver  ftatiding  on  taercuiy :'  the  air  it  fidf  ebcpanded 
hy  reafbn  'of  the  heaf^  dnd  the  ^ciaAidle'  was  fhortiy  aftePejltiri- 
:guiihedi  bnt  whdl  dl  Was  cold,  there  was  fcarcely  any 'dimi- 
nution. He  then  introduced,  under  the  receiver,  a  *cauifl:fc 
fixed  alkaline  liquor  t  the  air  was  immediately  diminifKed,  and 
the  diminution  reached  neirly  one-mnth'  of  the  whole*  H^ 
then  introduced  a  (mall  quantity  of  vitriolic  acid;  the  alkail 
immediately  efFervefced,  gave  out  i€s  fixed  air,  the '  mercury  re^' 
defcended,  arid  the  air  in  the  receiver  occupied  the  farfie  ipate  is 
atfirft;  fo  that  this  experiment  is  perfefifly  coiicfufi^ei  Kte^ 
alfo  lighted  a  candle  in  dephlogtfticated  air,  ind  whetf  it'was' 
extinguKhed,*  introduced  a  cauftic  fixed '  alkafihe  ^liquor,  andP 
then,  and  bnly  then,  this  air  was  dihiihifhed  two-thirds,  by 
which  it  is  evident,  that  two-thirds  of  it  were  converted  into 
filced  air ;  but  the  ronaining  third  was  fb  far  from  being  phlo-^ 
giflicated  air,  that  a  candle  burned  in  it  as  well  as  ever,  and 
after  it  went  out  half  of  this  air  was  abforbed  by  a  caufHc' 
fixed  alkali,  and  the  remainder  was  ftiU  little  worfe  than  com- 
mon air.     Mem.  Par.  1777,  p*  1^5,  &c. 

Yet  Mr.  l  avoisibr  thinks/  that  -by  the  calcination  of  metals 
£xed  air  is  not  produced ;  but  that  the  metals  abforb  the  de- 
phlogifticatied  part  of  common  air,  and  are  thereby  converted 
into  a  calx*  And  on  this  is  founded  his  extraordinary  opinion 
of  the  non^xiftence  of  phlogiflon ;  whereas  it  Is  evident,  that 
even  mercury  a^ds  inflanimabl^e  air,  and  confequently  contains 
phlogiflron,  and  that  it  lofes  part  of  tliis  during  calcination;  and 
confequently  fixed  air  mufl  be  produced,  as  he  himfelf  acknow- 
ledges it  to  be  during  combufKon,  by  the  tmion  of  inflam- 

G  g  2  mable 


228      CMiinuattM  (f  tJ^i  ExperimenH  and  Ohfervathms 

mable  ak  and  the  dcphlogifticated  part  of  common  air,  which 

after  this  union  is  abfbrbed  by  the  calx.    It  la  true,  that  the 

mercurial  calx,  and  alia  the  calces  of  lead,  and  many  others, 

yield  dephlogiflicated  air  $  but  then  the  mferctiry  is  always 

revived,  fo  that  it  is  evident,  it  retakes  the  phlogifton  from  the 

fixed  air,  of  which  nothing  then  remains  .bvit  the  dephlogifti- 

cated  part,  which  accordingly  appears  it^  the  form  of  dephlo**. 

giflicated  air.     Dr.  pbiestley  never  found  the  whola  of  the 

mercury  revived,  and  accordingly  he.  recovers  a  little  fixed  air 

from  the  mercurial  calx.  2  pr.  217.     But  Mr.  lavoi^ibe; 

finds  the  whole  of  the.  mercury  revived,  and  for  that  reafbn^ 

finds  no  fixed  but  all  dephlogifticated  air ;  thus  their^  d^fierent. 

refults  are  clearly  explained,  and  probably  proceed,  from  the. 

difl^rent  degrees  of  heat  they  employed,    and  the  difierent 

phlogiflication  of  their  acids.    The  dephlogifticated  air  that-  is: 

extracted  from  f7/i3/»m  proceeds  alfb  from  a  partial  revivifio&tion^ 

of  the  lead^  which  always  takes  place  ^:  nor  is  it  wonderful, 

that  this  calx  ihould  dephiogifticate  fixed  air,  fince  it  dephlo- 

giflicates  the  marine  acid  alfo,  as  Mr.  sch!B£L£  has  obferved  i*.  - 

To  this  it  will  probably  be  objefted,  that  depWogifticated 
air  muft  pre-exift  in  the  minium^ ,  fince  it  is  expelled  by  the  ma- 
rine acid ;  but  this  does  not  follow ;  fpr  if  mang^nefe  be  dif- 
folved  in  the  common  marine  acid  which  is  phlogifl^icated,  and 
afterwards  expelled  from  it  by  the  vitriolic,  it  will  alfo  be 
found  dephlogifticated.  

I  ihall  now  proceed  to  inveftigate  the  propcnrtion  of  phio* 
gifton  and  elementary  or  refpirable  air  in  fiied  air.   / 

Dr.  PRIESTLEY,  in  the  fourth  volume  of  his  Obfervations, 
p.  380.  has  fatisfadorily  proved,  that  nitrous  air  parts  with  as 

,  *  BEAiTMV, .  7,    1  Pott,  Litbog.  29.    3  Dia.  Cby.  305, 
t  Koa,  VeUAcad.  Handling/ vol«  XXXV.  p.  193, 

much 
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much  phlogifton  to  common  air  as  an  equal  bulk  of  inflamma^ 
ble  air  does  when  fired  in  the  fame  proportion  of  common  air; 
Now,  when:  inflammable  air  unites  with  common*  air,  ib 
whok  weight  unites  to  it,  as  it  contains  nothing  elfe  but  purtf 
phlogifton ;  fince,  therefore,  nitrous  air  phlogifticates  commotr 
air.  to.  theiame  degree  that  inflammable  air  does,  it  parts  with 
a  quantity  of  phlogifton  equal  to  the  weight  of  a  volume  of 
iiiflammable  air  iimilsur  to  that  of  nitrous  air*  Now  lao  cubic 
ipches  of  inflammable  air  weigh  5,5  grw ;  therefore,  100  cubicf' 
inches  of  nitrous  air  part  with  ^^^  gr.  of  phlogiftpn  when  thejr 
eommunicate  their  phlogifton  to  a&  much  common  air  as  wilF 
take  it; up,  I  fay,  that  nitrous.air  fkirts  with^^  much  phlogifton,^ 
l^c^ufe  it  is  certain,  that  it  does  not  part  with  the  whole  of  it^ 
phlogifton  to  common  or  dephlogifticated  air,  for  it  contains' 
much  more^,  as  already  fhewn,  and,  as  appears-  by  the  red  co- 
lour,  it  conftantly  aflumes  when  mixed  with  common  or  de- 
phlogifticated air,>  which  colour  belongs,  to  the  nitrous  acid" 
copibined  with  its.  jcmaining  phlogifton,  and  not  to  the  fixed* 
air  then  produced,  nor  to  the  phlogiftlcated  air  i^emaii)ing,  z^ 
is  very  evident.  Hence  the  acid,,  thus  formed,  is  volatile* 
4  PR.  267. 

One  meafure,  of  the  pureft  dephk>gifticatod.  ^pr.  and  two  of 
nitrous  air  occupy  but  ^.  ^th  parts  of  one  meafure,  as  Dr^. 
PRIBSTLEY  has  o)bferved,  vol.  IV.  p.  245..  Suppofe  one  mea-- 
fure  to  contain  100  cubic  inches,,  then  the  whole  very  nearly  o£^ 
the  nitrous  air  will  difappear,  its  acid  uniting  to  the  water,  over 
which  the  experiment  is  made,  and  97  cubic  inches  of  the  de- 
phlogifticated air,  which,  is  converted  into  fixed  air  by  its  union 
w^ith  the  phlogifton  of  the  nitrous  air;  therefore  97  cubic 
inches  of  dephlogifticated  air  take  up  all  the  phlogifton  which 
200  cubic  inches  of  nitrous  air  will  part  with ;  and  this  we 

have . 
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Xi^Yfi  ioxivA  to  hQ  feven  gtzxJX^  theilidforbv'  a  t)»6ight  of  iSxea  ak 
equal<to  that  of  971  ci^bic  inches  of  dephlogiftieated  air  «id7  of 
phloglftoD^  .will  contain  7  gr«  of  phlogifton.  Nowy  97  cubic 
inches  of  dephlogiftic^ted  .air  weigh  4^974  gJ**  >  to  which^ 
adding  7  gn  we  haverthe  wboie  weight  of  the  fixed  air  equal 
47^74  g^*—  ^Si7SS  cubit  laches:;  and  confeqoendy  too  culne 
inches  (f  fixed  mr  ofMam  ^8,357  gn.  of  pbhgi^on^  and:  the 
remainder  elenuntary  air. 

100  gr<.  of  fixed  air,  contain  14966.1  of  fUogifion  4md  859^939 
of  elementary  air;  whicb^^  when  ftrtpped  »of  pHlo^fton,  anA 
impregnated  with  its  proper  proportion^f  elementary  fire,  be^ 
comes  again  dephlogifticated  air.  Henoe  alfe,  >i*oo  cubic 
inches  of  dephlogifticated  air  are  converted  ioto  fixed  air  by 
7,2165  gr.  of  phlogifton,  and  will  be  then  -reduoed  to'  the 
bulkof  86,34  cubic  inches.  ,  v     .. 

And  reciprocally,  100  cubic  inches  of  -fixed  air,  being  de- 
xompqfed,  will  afibrd;!  15^821  cubic  inches  of  d^hlogi^cated 
air,  and  part  with  7,2165.  gr.  of  phlbgifton,  fuppding  the 
idecompofition  to  bexomplete,;  that  is,  the  d^hlogiiHcated  ak 
^bfbutely  j>ure. 


OFIaviug  read  the  foregoing  account  of  tlie  nature  of  fixefl 
air  to  Br«  frisstley,  I  had  the  fatisfadion  to  find  ifmet  with 
bis  entire  approbation^  which  he  authorized  me  tomention, 
notwithftanding  what  he  had  advanced  to  the  contrary  In  his 
.laft;publication« 


OF 
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®F  THE  QITANTITY  OF  PHLOGISTaJST  IN 

VITRIOLIC  AIR. 

The  method  I  purfucd  was  this :: 
-  I  ft,  I  found  the  quantity  of  nitrous  air  a  given  weight  ofc 
copper  af{brded  when  diflblved  in  the  dephlogifticated  liitroua> 
acidy  and  by  that  means  how  much  phlogifton  itparts  with. 

r  adly,  I  found  the  quantity  of  copper  which  a  given  quantity 
of  the  dephlc^fHcated  vitriolic  acid  could  diflblve ;  and  ob^ 
ferved,  that  it  could  not  diflblve  the  greateft  quantity  of  cop- 
per without  dephlogifticating  a  further  quantity  which  it.  does, 
not  dillblve.  - 

3dly ,  I  found  how  much  it  dephlc^fticatesAvharitthoroughly.^ 
diflblveS)  and  how  much,  it  dephlogifticates  what,  it  barely:^ 
calcines.^ 

4thly,  How  much  inflammable  air  a  given  quantity  of'cop*^- 
per  af&rdS'  when  difiblved  in.  the  vitriolic  acid  to  the  greatefl: 
advant;age. .  ^ 

5thly,  I-  dedu£l'  from  the  whofe  quantity  of  phlogiftbn  ex- 
pelled by  the  vitriolic  ac4d' the  quantity  of  it  contained  in  the 
inflamtnabie -akr ^  the  remainder  ihews  the  quantity  of  it.  con-^ 
tainediin  the  vitriolic  ai);; 

The  particulars  were  as- follows  t 

\fkj  100  gr.  of  copper  diflblved  in  the  d^phlogiflicated  ni<»* 
trofusaoda^ded  me  67,5  cubic  inches  of  nitrous  air,  which^, 
accor<^tig  tothe  before  mentioned  calculation,  contain  4,52  gr*. 
of  phtDgifton*  -      ' 

•idly,  -ioogr.-of  real  vitriolic  acid  take  up  or  difiblve  54,73 
of  copper,  and  100  gr,  of  copper  require  about  182,714  gr* 

of 
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of  real  vitriolic  acid  to  difibl^e  them.  Again,  loo  ^.  of  cop- 
per, when  diflblved  in  the  vitriolic  acid,  retain  only  as  much 
phlogifton  as  is  contained  in  three  cubic  inches  of  nitrous  air, 
that  is,  0,2  of  a  grain ;  thepeffore,  {\\\ct  100  gr.  of  copper 
give  out  4,52  of  phlogifton,  the  vitriolic  acid  ftrips  it  of  4,52 
-0,2,  that  is,  4,32  gr.  of  phlogifton, 

3dly,  To  diflblve  70  gr.  of  copper  in  the  vitrioKc  acid,  to 
the  ^reateft  advantage,  20  more  mvift  be  flightly  dephlogffti* 
cated;  therefore,  to  diftblve  100  gr.  of  copper  'i\\  this  acid, 
28^6  more  muft  be  Hightly  dephlogifttcated.  8  grs.  of  this 
flightly  dephlogifticated  calx  adbrded  4  cubic  inches  of  nitrous 
air;  therefi3rei  28,6  would  af{brd  14,3,  which  contain  0,958 
gr.  of  phlogifton  s  but  28,6  gr.  of  copper,  before  any  dephlo- 
giftication,  contain  i.,292  gr.  of  phlogifton ;  therefore,  they 
lofe  by  this  flight  dephlogiftication  0,344  of  a  grain  of  phlo- 
gifton. Hence,  when  100  gr.  of  copper  are  diflblved  in  the 
vitriolic  acid,  the  xjuantity  of  phlogifton  expelled  is  4,32  + 
^o,34  =  4»66gr. 

4t'hly>  The  quantity  erf"  inflammable  air  afibrded  by  the  moft 
advantageous  folution  of  1 00  gr.  of  copper  in  the  vitriolic  acid 
is  1 1  cubic  inches,  which  amount  to  0,385  of  a  grain  of  phlo- 
jgiften 

5thly,  The  folution  of  100  gr^  of  copper  in  the  vitriolic  acid 
afforded  over  mercury* 75,71  cubic  inches  of  air;  but  of  this 
only  II  cubic  inches  were  inflammable  air,  the  remainder 
therefore  was  vitriolic  acid  air,  .amounting  to  64,71  cubic 
inches. 

.6thly,  Then  the  whole  quantity  of  phlogifton  expelled  during 

the  folution  of  100  gr.  of  copper  in  the  vitriolic  acid  is  4,66 

gr. ;  of  this  inflammable  air  contains  but  0,385  of  a  grain  :  the 

remainder  therefore,  which  coufifts  of  49275  gr.  muft  be  con- 

5  .  tained 
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tained  in  the  64,71  cubic  inches  of  vitriolic  air:  thereibre^  100 
cubic  inches  of  vitriolic  air  contain  6,6  gr.  of  phlogijion^  and 
yiyt  gn  of  acidj  and  100  cubic  inches  of  this  air  weighing 
77,8  gr.  100  gr.  of  tins  air  contain  8,48  gr.  ^pJblogifion  and 
^^iS^tf  acid. 


OF  THE   QUANTITY    OF  PHLOGISTON 

IN   SULPHUR. 

This  I  endeavoured  to  find  by  eftimating  the  quantity  of 
fixed  air  produced  during  its  combuftion. 

To  the  top  of  a  glafs  bell,  which  was  open^  I  firmly  tied 
and  cemented  a  large  bladder,  deftmed  to  receive  the  air  ex- 
panded  by  combuftion,  a  quantity  of  which  generally  efcapes 
ivhen  this  precaution  is  not  jfed*  Under  this  bell,  which  con- 
tained about  3000  cubic  inches  of  air,  I  piacod  a  candk  of  ful- 
phur,  weighing  347  gr. ;  its  wick  (which  was  not  confumed) 
weighed  half  a  grain  :  it  was  fupported  by  a  very  thin  concave 
plate  of  tin,  to  prevent  the  fulphur  from  flowing  over  during 
the  combuftion,  and  both  were  fupported  by  an  iron  wire, 
^xed  on  a  jQielf  in  a  tub  of  water.  As  fbon  as  the  fulphur  was 
fired  with  a  very  feeble  flame,  it  was  covered  with  the  bell,:  the 
air  being  fqueezed  out  of  the  bladder.  The  infidef  of  the  bell 
was  (bon  filled  with  white  fumes,  fo  that  the  flame  could  hot 
be  feen.  In  an  hour  after,  the  fumes  thoroughly  fubfided,  and 
all  was  cold.  The  water  rofc  within  the  bell  to  a  height  equal 
to  87,2  cubic  inches;  whence  I  deduce  that  87,2  cubicinches 
of  fixed  air  were  produced,  whkh  contain  73^87  gr.  of  phlo- 
gifton*  which  feparated  from  the  vitriolic  acid,  and  united  to 
the  dephlogifticated  part  of  the  tiommon  air  under  the  belL 
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The  candle  of  fulphur  being  weighed^  was  found,  to  have  loft 
20,75  gr. ;  therefore,  ^^75  8^'  ^^  ^^Ip^or  contaia  7,487  gr,. 
of  phlogifton,  befides  the  quantity  o£  pUogiftoo^.  whkK  re- 
xnained  in  the  vitriolic  air.  This  air  muil^have  amounted  to 
20,75  —  7^2S7  =:  13,4.63  gr.  whith  contain  1,141  gr.  of  ^hlo^ 
gifton ;  therefore,  the  whole  quantity  of  phlogifton  in  20,75 
gr.  of  fulphvir  is  8,428  gr^;.  therefore,  loo  gr.  of  fulphur  con^~ 
Wn  40,61  gr.  of  pblagift$n  and.  sJj39  of  vitrMh  add: 

Several  attempts  have  hitherto  been,  iqad?  to  detecmine  the- 
proportion  of  the  conftituent  parts  of  fulphur ;-  but  all  were 
Qvidently  defeftive.    The  firft  was  that  ofc  sxahl,,  who  calcu-^ 
lated  the  quantity  of  phlogifton  from  that  of  the  acid  remain^ 
i^g  after  flow  combuftion ;    but  as  much,  both  of  acid  and . 
phlogifton,  was  diiiipated,  and  as  the  remaining  acid  was  alfb 
phlogifticated,  and  attraflred  much  of  the  moifture  of  th^  air^^ 
Ao  conclufion  whatev,er  could  ;be  drawn- from  this  experiment* 
The  feoHiid  method  was^  to  form  a  liver  of  fulphur,  and  con* 
vert  this  by,  a  gentle  long  cootinneddi^fat  \i\Xp  ^  tartar  vitri^latiSt  . 
and  theoncalculate  the  weight  a  given  quantity  of  alkali  woukl 
gain  by, this  operation..   Thi^^was.alfo  devifed  by  stahl,  and 
fpUowed^by  BRANar  and.NKWMAN,,  and  by  it  they^determined^ 
the  proportion  of  pMpg^Aon  to .  that  0^  acid  to  be  nearly  as  % 
to   16.     ^^t  during  the  formatioaof  the  liver  o€'  fulphur^ 
whether  in^the  moift.oc  dry  way,,  much  of  the  phlogifton  and 
acid  is  diftipated,  as  is  evident  by  the  vapour  and  fmell  that 
prQceed>^  from  it,  their  alkali  alfo  contained  fixedi  air,  which  it 
Igft  during^  the  operation,^  atid  of  which  they  kept  no  account, 
as  they  were  ignorant  of  its  exiftence;-and  the  tartar  vitriol 
formed  by  them  or  fal  pplycrefte  retained  much  undecompofed  ; 
fulphur,  as  always  happens  when  it  is  not  ftiongly  heated;  fo 
^at  this  jnethodaUb  was  yexy  imperfo£t^  howevei:  fome  fub- 
I  foquexit^ 
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Sequent  chemifts  who  made  the  experiment  with  more  care 
concluded  from  it,  that  fulphuf  contained  one-fevcibth  of  phlo- 

]gi{lon.  EXLEBEN,   §760. 

By  weiring  flowers  of  fulphur  In  a  perforated  brafs  box  in 
water,  I  found  its  fpecsfic  gravity  to  be  1,924.  It  remained  in 
^he  water  a  quarter  of  an  hour  before  any  air  ilTued  from  it, 
and  then  fbme  bubbles  aroie ;  but  when  I  opened  the  box,  I 
found  the  middle  part  of  the  flowers  quite  dry,  fo  that  I 
^nake  no  doubt  bift  fbme  air  ftill  remained,  and  that  its  ipecac 
-gravity  is  ftill  greater.  Mr.  petit  weighed  it  in  oil,  and 
found  its  fpecific  gravity  ^9^44,  which  1  believe  to  Be  nearly 
<he  truth. 


OF  THE  QJJANTITt  OlF   PHLOOISTON  IN 

MARINE  ACID  AIR. 

8  gr.  of  copper  diflblved  in  colourlefs  ipirit  of  fait  afibrded 
-^but  4,9  cubic  inches  of  air^.  ^^^imi  th^  air  was  received  over • 
water,  and  this  air  was  inflammable. 

8,5  gr.  of  copper  being  diflblved  in  the  fame  quantity  of  the 
-fame  ipirit  of  fait,  and  the  air  received  <)ver  mercury,  aflx)rded 
^1,28  cubic  inches  t>iF  air^  b\A  of  thefe  only  4,9  cubic  inches 
were  inflammable  air;  the  remainder,  therefore,  viz.  86,38 
were  marine  air,  which  weigh  56,49  gr. 

Now^  as  fpirit  of  fait  certsuidy  does  not  dephlo^bfticate  cop* 
per  more  than  the  vitriolic  acid  does^  it  ioMows,  that  theie 
4,9  cubic  inches  x>f  inflammable  air,  and  86,38  cubic  inches 
of  marine  air,  do  not  contain  more  phlogifton  than  would  be 
ieparated  from  the  fame  quantity  of  copper  by  the  vitriolic 
acid :  and  fince  lOO  graias  of  copper  would  yield  to  the  vitriolic 
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acid  4*32  gr.  of  phlo^fton,,  8,5  gr.  of  copper  would  yield 
0,367  of  a  grain  of  phlogiAon.;  this  then  is  the  whole  quan- 
tity extrafUd  by  the  marine  acid,  and  contained  in -9  r, 28  cubic 
inches  of  ^,  and  deducting  from  this  the  quantity  of  phlo- 
gifton  contained  in  4,9  cubic  inches  of  inflammable  aic. 
(  =  0,171  of  a  grain),  the  remainder,  viz.  0,367-0,171  = 
0,196  is  all  thephlogifton  that  can  be  found  in  86,38  cubic 
inches  of  marine  air.  Then  icq. cubic  inches,  of  marine  tut  ca/k, 
eattainbut  0,227  nearly  oja grain  if  pbhfffton  65,173  ofacul. 

Hence  we  tbe  why  it  a£tslb  feebly  <«  oiU*  fpiritof  mne,  &c^ 
having  a  very  fmall  affinity  to  phlogifton ;  and.  why  it  is  not 
diflodged  from  any  bafis  by  uniting  with  phlbgiihin,  as  the  vitri-, 
olic  and  citrous  acids  are,  its  affinity  to  it  being  inconfiderahle^ 
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XVI.  Bd  modo.  di  render  ftnfibilijjifna  la  piU  dehole  EliUrkuhfia^ 
Naturale^Jia  ArtiJUide.     By  Mr.  Alexander  Volta,  Pr^- 
fejlfor  of  Experimental  Pbilofophy  in  Como,  ^c.  &c. ;  commti^ 
muted  ty  the  Ri^bt  Hon.^Georgc  Earl  Cowper,,  F.R.  S.. 

RcacTMafcIi  14^.  f^a.. 

iu  T  TN  apparcchio,xhcportandoa  unoftraordinarioihgrafi- 
\^    dimento  i  fegni  elettrici  fa  fi^  che  oflervabile  divenga 
e  cofpicua  quella  virtii,  che  altrimenti  per  l*eftrema  fua  debo- 
lezza  sfug^rebbe  i  noflri  fenfi,  ognun  compffende  di  quale  fr 
q^anto  vaiitaggio  fiaper  riufcire  nclle  ricer^e  full*  elettricita, 
e  maflime  intoruo.  alia  natiirale  atmosftrlca,  la  quale,  come 
fappiamo^  non  in  ogni  teinpo>.  anzi  a€ai  di  rada^  allora  fola- 
mente  cioe.  che  il  cielo  e  ingombra  di  nuvoloni  fcuri.e  tern* 
pplko^^  av.vienue  che  ci  renda  fenfibile  ne*'conduttori  OFdinari 
jiOQ  molto.  elevati,  e.  appena  e  che  in  altri  tempi  ne  moftri 
qyalche  indizio   in .  quelli   elevatiiliibiy    o  ne'    cervi.  volat^ti 
portati  all*  alc»za  di  pi<l*  centinaja  di.  braccia.    Or  un  tale 
apparecchiOf  merci  di  cui  un  cooduttore  atmosferico,  anche  di  . 
npn  pande.  elevazioae,,  vldia  fegni  ad  ogn'  ora  e  in  ogni  cofU- 
ttvmne  di. tempo,  molto  chiari  e  diftinti  di  quel  qualiifia  picciolo  •• 
dettrizzamento  che.  in  hn  induce  ratmosfera,  ecco  io  ve  lo  pre-  - 
lento  ntl  mio  elettr&foro :  in  qpella  femplice  macchina,  che  i 
«mai  neHe  mam  di.tutti^.e  che  fe  altro  pregio  pur  non  aveile 
Tcrrebbe  abbafbnza  raccomandata  agrElettriciili  perquefto  che 
lor  offire  facile  mezzo  di  fpiare  la  piu  languida  e  impercettibile. 
diBCtriciti^  fi  nattirale  che  artificiale,  con  tirarla  fopra.dijse,  ed ' 
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:  accumularla  al  punto  di  promoverne  c  invigorime  per  fingolar 
;  mauiera  i  fegni. 

2 .  In  vero  ogni  volta  che  qucfti  mancano  nell*  ordinario  modo 
di  fperimentare,  e  ne  fcintilla  fcorgefi  ne  cenno  benche  minimo 
di  attraimento,  il  dire  che  pur  vi  (ia  elettricita,  fora  un*  afler- 
zione  gratuita,  anzi  un  giudicare  contro  ogni  apparenza.  Mal- 
grado  quefto  non  poiiiamo  neppur  dire  accertatamenta  che  punto 
fUon  ve  nVabbia :  e  il  concluderlo  da  ci6  fblo  che  niun  fegnoper 
anco  Ci  ii  moftra,  e  un  precipitare  U  giudizio;  imperocche 
xhi  ci  afficura  che  qualche  elettricitk  ivi  non  fi  truovi  realmente, 
tma  co(i  dehlolc  da  non  poter  attrarre  tampoco  un  legger  filoi 
Or  quefto  e  che  c*importa  in  molti  ca(i  di  fapere,  ipecialmente 
quando  fi  tratta'  di  elettricitk  naturale.  Un  conduttore  atmo(^ 
feirico  poco  devato  non  dk  ordinariamente  fegni,  come  gia  fi  & 
detto,  che  quando  gli  fovrafta  ofcuro  nembo :  a  cielo  c6perto 
d'alte  nubi  fparfe  o  diftefe  equabilmente,  quando  Faria  h  ingom- 
brata  da  nebbie,  in  tempo  di  pioggia  placida  ed  anche  dirotta» 
itranne  qualche  rovefcio  improvvifo,  raro  h  che  fcorger  vi  (i 
poffa  alcun  indizio  di  elettricitk,  o  nulla  mai  a  del  fereno,  fia 
placido,  fia  ventofo.  Stando  pertanto  alle  apparenze,  e  ai  giudizio 
di  un  elettrofcopio  comune,  anche  de  pi&  fenfibili,  direbbefi  che 
111  conduttore  non  h  elettrizzato  punto,  e  che  per  confeguenza 
.non  domina  elettricitk  di  forta  ne*  campl  dell'  aria  poco  alti  ove 
quel  conduttore  porta  la  tefta.  Sppure  *non  h,  cosi :  un  altra 
elettrofcopio  di  gran  lunga  migliore  qual  veramente  puo  dirfi  fl 
noftro  apparechio,  giacchc  ne  adempie  con  tanto  vantaggio  le 
funzioniy  ci  fa  vedere  che  da  qualche  eleCtdcit^  £  pur  fempre 
inveftito  quel  conduttore^  avvegnache  ne  fi  moiftri  dl  per  (2 
affatto  inerte :  ci  fa,  dico,  vedere  e  toccar  con  mano  ch'  egli  non 
ne  e  mai  privo  afFatto ;  onde  convien  giudicare'  in  egual' modo 
che  non  ne  c  mai  priva  Taria  che  loxircouda.    Ed  ecco  come 
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re(tiamp  cofxvinti  che  anche  alk  pi\!i  bafla  regione  deir  atmof- 
ibra,  e  fiiio  a  pochi  piedi  da  terra  s*eftende  Tazion  coftante  c 
petenne  deU*  elettricit^  narurale.    Cotal  dettriciti  iebbene  iiv- 
fenfibile  rlmanga  finclxe  da  quel  tratto  d*atmosfera  (i  comunioa  . 
fbltjinto  al  detto  conduttorb ;  ove  poi  per  mezzo  di  lui  fi  comu*. 
nichi  infiememente  all*  elettrofbro  noftro,  fl  raccori  entro  a 
qtiefto  pii!^  ^icilmente,  e  in  maggiore  copia* ;  fi  ^  per  tal  modo^ 
che  forger  qiiindi  potranno  i .  noti  fegni  di  attrazzioiie  e  di  < 
ripaliibne fenfibUi  alibafbmza  per  dinotarci  fenzaequivoco  noa  . 
che  refiiletlssay  la  fpecie  ancora  delP  elettricitay  Qvoh  £c  pofinva 
a  negativa.     Che  piu  ? .  non  mancher^  talora  di  comparire  per 
fino  qualche  fcintilluzza.    Q^iqualvolta  poi  il  conduttore  deile 
f^k  di  per  fe  qualchb  iegiic,  movetido  alouil'  pbco  un  legger  filo^ . 
aipertatevi  pure  col'  foccorfoder  noftro  apparecchio,  ^cintille. 
pungenti,  e  ogn*  altto  fegno  vigoroiiffimo.. 

3.  Mk  veQiamo  fenza  piu  almodd  di  far  fervife  alP  intento  ; 
cotal  lapparecfckio,  a  cui  in  quefto  caiomeglio  che  il  nome  che 
al.tronde  porta,  di'  elettroforo,  Faltro:  gik  Jndicato.  di  elettrofcp^ 
fhy  anzi  pure  quello  di  micro-elettrofcopio  potrebbe  convenire^ 
Ma  Ja,amo  meglioxdi  chiamarlo  .^/^^n/^/^^r^  dell*  elettricit^^  . 
p^r  uf^re  On  tertnine,  femplice  e  piano,  e  che  efprime  a  ua  * 
tempo  la  ragione  e  il  modo  d^  fenomeni  di  cui  fi  tratta,  come 
vedraifi  ,nclla  i\  parte  del  pre&nte  icxitto*.   Tutto  dunque  .ii-> 
riduce  a  quelle  poche  operazioni*  . 

(A)  Conviea  prendei:e  un  piatto  dMettrofbro,  che  abbia  Tih*  - 
croftatun  di.refina  afiai  fottile,  e  a  cui  o  non  fia  flata  dianzi  i 
imprefla;^al9un»  jelettri(ita>  .0  fe  mai  yi  e  ftata^  vi  fiiia  fpenta  i 
afiattQ.  . 

(B)^  'A  *queO!S  fecial  refinofa  ithmune  iStst  ogni  elettriciti  fi  \ 
fiwrapponga  conveni^pteraento  il  fuo  fcudo  (cofi  ia^chiamoJai 

*^  €90651  cid  ftgua  ^  i^icghcii  aclU'a^  parte  <fi  ^[Ucfta'atemQria..  . 
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lamina  fupcriore  dclF  elcttroforo)  :  voglio  diiip  le  fi  applichi  a 
combaciamento,  e  (i  collochi  nel  bel  mezzo  in  modo,  che  non 
tocchi  ia  alcun  punto  Torlo  metallico  del  piatto,  ma  rimanga 
iiblato. 

(C)  Coil  congiunti  eflendo  fi  adatcino  fotto  al  filo  conduttore 
deir  elettricitil  atmosferica  in  guifa^  che  lo  fcudo  venga  toccato 
.dove  che  fia  dal  detto  filo,  egli  folo  lo  fcudo,  e  in  niun  modo  il 
piatto« 

(D)  In  quefla  fituazione  fi  lafcino  le  co(e  per  un  certo  tempo^ 
finche  lo  fcudo  pofifa  aver  raccolta  competente  dofe  di  quell* 
elettricitk,  che  dal  filo  conduttore  gli  $*iftilla  lentifiimamente. 

(£)  Da  ultimo  (bttraggafial  contatto  e  influilb  del  filo  cou« 
duttore  lo  fcudo  tuttavia  unito  al  fuo  piatto ;  indi  fi  difgiunga 
anche  da  quefto,  levandolo  in  alto  al  confueto  mode  per  il  fuo  ma* 
nicoifolante :  e  allorafark  che  fe  ne^tterranno  gl*  afpettati  fegni 
cofpicui  di  attrazlone^  di  ripulfione,  e  di  qualche  fcintiHa  ezian* 
tdio,  di  pennoncelli  &c.  siel  tempo  che  il  conduttore  di  per  fe 
non  giugna  a:moftrar  nulla,  oappena  un'  ombra  di  elettricitlL 

4.  Ho  detto  (prec.  D)  che  il  filo  conduttore  debbe  toccare 
lo  fcudo  per  un  certo  tenipo.  Qiianto  pero  non  e  facile  41  deter* 
minarlo,  dipendendo  dalle  c4rcoflanze.  Talora  vi  abbi£>gne« 
ranno  8.  lo.  e  piu  mitiuti ;  quando  cioe  il.  conduttore  da  par  f2 
folo  non  fii  vedere  il  minimo  fegno  di  elettricita :  altre  volte  piu 
poco.  Che  fe  un  debole  indizio  pur  vi  comparifle,  tantoche  ua 
legger  filo  ^cefie  cenno  d'efierner  attratto,  bafleria  in  tal  cafb 
lafciar  in  contatto  di  eflb  conduttore  il  noflro  fcudo  fbl  pochi 
fecondi,  per  abilitar  qu^ftd  a  dar  (egni  raolto  viyaci. 

5.  Una  cofa  fi  vuol  offervare  rilpetto  al  filo  conduttore  me- 
defimo,  ed  e  ch*  egli  fia  ben  continuQ,  o  fe  e  pofiibile  d*un 
pezzo  folo  dair  alto  fino  al  baffo,  dove  viene  a  comunicare  collo 
icudo :  cioe  fi  dee  evitare  aflblutamente  ogni  interruzione,  e  il 
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piu  che  fi  pno  ancora  la  femplici  giunture  ad  anello  od  uncino^ 
per  la  ragione  che  ciafcuna  di  tali  giunture  portando  un  qualche 
impedimento  al  paflagio  dell'  elettricita,  avvenir  puo  che  quella, 
che  contrae  il  conduttore  in  alto,  s'arrefti,  ne  giunga  al  luogo 
defiderato,  cioe  fino  alio  fcudo.  Cosi  fuccedera  difFatti  ogni 
qualvolta  Telettricita  I  deboliffima,  fe  in  luogo  d'un  filo  metal- 
lico  continuo,  una  catena  di  giii  annelli  da  quello  pendente  venga 
a  toccare  cotefto  fcudo.  Non  fi  creda  per  quefto  che  una  fola 
giuntura  o  due  poiTano  egualmente  impedire  la  riufcita ;  ma 
ne  verra  fempre  del  pregiudizio :  e  qualora  Telettricita  foflc 
eftremamente  debole,  potrebbe  si  per  Tindicato  difetto  man- 
care  del  tutto  Tefperimento. 

6.  Riguardo  all*  elettroforo  da  adoperarfi  altre  oflervazioni 
rimangono,  di  cui  ora  mi  convien  parlare.  £  la  prima  accennata 
fbpra  al  §  3.  (let.  A)  fi  e  che  lo  ftrato  refinofo  importa  molto 
che  fia  fbttile,  avendo  io  fempre  provato  che  quahto  piu  lo  c 
tauto  maggior  dofe  di  elettricita  permette,  anzi  fa  chefi  raccolga 
entro  alio  fcudo  cui  porta  indoffo,  di  quell'  elettricita,  dico  che 
gli  s'infonde  o  dall'  atmosfera  per  mezzo  del  filo  conduttore,  o 
da  qualfivoglia  altra  potenza  elettrica.  Se  foffe  per  tan  to  ftefa  la 
refina  alia  fpeflezza  d'un  quarto  di  linea,  o  non  maggiore  di  una 
mano  di  varnice,  riufcirebber  le  prove  ottimamente;  ficcome 
air  incontro  eflendo  groffa  un  poUice  o  piu,  andrebber  le  cofc 
malifiimo. 

7.  In  fecondo  luogo  la  fuperficie  di  efla  refina  debb'  eflere 
quanto  fi  puo  plana  e  lifcia,  e  plana  e  lifcia  fimilmente  Tinferior 
faccia  dello  fcudo,  ficche  vengano  a  combaciarfi  bene  (ivi  let. 
B).  E  noto  quanto  un  miglior  combaciamento  favoriica  gli  efFetti 
dell'  elettroforo ;  ond'  ebbi  ben  ragione  di  raccommandar  quefta 
come  una  delle  principal!  condizioni  nclla  defcrizione  che  pub- 
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blicai  a  fuo  tempo  di  quefta  machina*^.  Ma  e  ancor  plA 
grandc  Tinfluenza,  che  Tampio  e  perfetto  contatto  ha  fbpra 
rifteffo  apparecchio,  allorch^  il  medefimo  agifce  in  qualita  di 
condenfatore. 

8.  Da  ultimo  merita  particolar  attenzione  quanto  alia  gii 
citata  let.  A  fi  e  prefcritto,  che  alia  faccia  refinpfa,  cui  fi 
applica  lo  fcudo,  non  dee  effereimpreffa  alcuna  elettricita. 
La  ragione  per  cui  vuolfi  che  ne  fia  affatto  priva  fella  e,  che 
altrimenti  i  fegnidello  fcudo,  allorche  s'alza,  diverrebberb  equi- 
voci,  non  eflendo  piu  la  fola  elettricita  trasfufa  in  eflb  fcudo  dal 
conduttore  atmosferico  quella  che  giuoca,  ma  infieme  anche 
Taltra  occafionata  dall'  elettricita  impreffa  ed  inerente  alia  faccia 
refinofa :  quando  a  noi  importa  di  efplorare  la  fola  Ibpraveniente 
la  detto  fcudo. 

Se  dunque  la  faccia  refinofa  del  piatto,  di  cui  volete  fervirvi, 
e  rimafta  fempre  intatta,  va  bene.  Ma  fe  e  ftata  gi^  eccitata,  e 
vi  fi  mantiene  tuttavia  parte  delF  impreffa  elettricitk,  egli  coa- 
vien  fare  di  tutto  per  ifpcgnarla ;  cio  che  non  e  fi  agevol  cofa* 
II  paffarvi  fopra  un  panno  alquanto  umido,  applicandolo  ben 
bene  a  tutta  la  fuperficie,  ^  un  de  mezzi  piu  efficaci  ch*  io  mai 
abbia  trovato  +  ;  pur  non  toglie  talvolta  che  dopo  qualche  tempo 
lo  fcudo  pofatovi  fopra,  e  previo  il  fblito  toccamento,  rialzato^ 
non  attragga  fenfibilmente  un  filo.  Lo  fteffo  fuccede  non  di 
raro  anche  dopo  aver  tuffato  tutto  il  piatto  nelF  acqua,  lafcia* 
tovelo  un  pezzo,  e  quindi  fattolo  rafciugare  all'  aria,  Lo 
fquagliare  la  fuperficie  della  refina  al  fuoco  o  al  fble,  e  forfe  il. 
piu  ficuro  fpediente  per  farne  fvanire  tutta  quanta  Tfelettricita, 

*  Si  truova  qnefia  defcrizione  in  tin  colle  principali  eiperienze,  e  unpiccol  faggio> 
<ti  fpicgazione^in.due  memorie  indirizzate  in  forma  di  lettera  al  Dr.  priestlet,  e 
j(ubblicate  in  un*  opera  periodica  di  Milano  intitolata  Scelta  d*Ofrfc0U  intireffoMii^ 
pcrl'j^nno  1775. 

t  Vcgg*  I'acccnnata  defcrizionc  dtll*  eletlroforo. 
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ficche  non  ne  rimanga  pur  ombra  o  veftigio  nella  ftefla  refiiia, 
railbdata  che  fia  *•  Una  maniera  piu  fpedita  e  di  far  pafTare  fopra 
tutta  la  faccia  della  reiina  la  fiamma  di  una  candela,  o  d*uii 
foglio  di  carta  accefo*  A  qualunque  peto  di  tai  mezzi  uno  & 
appigli,  per  accertarii  che  Telettricitk  fia  fpenta  a  fegno  che  piu 
non  poda  aver  parte  alcuna  Tazione  propria  dell*  elettroforo  agli 
efietti  che  rifultar  debbono  unicamente  dair  elettricitk  infufa 
aUo  fcudo  dal  conduttore  atmosferico,  converra  far  prima  la  prova 
fe  pofato  eflb  fcudo  fulla  £iccia  refinofa^  toccato  col  dito^  e  rial- 
zato  al  confueto  modo,  non  mova  neppure  un  fottilkHmo  pelo : 
allora  non  producendo  alcun  efFetto  in  qualita  d*eIettroforo,  fer- 
viji  ottimamente  all'  altr*  ufb^  cui  vien  deftinato,  di  condenfatore 
dell*  elettricita. 

9.  Se  mi  fi  dimandaiTe  ora  a  qual  grado  giunga  nel  defcritto 
apparecchio  cotal  condenfazione  dell'  elettricita,  cioe  a  quanto 
maggior  forza  (brger  poiTano  i  fegni  elettrici  nello  fcudo  quando 
s*  alza,  rliponderei  che  non  e  facile  11  determinarlo,  dipen« 
dendo  da  molte  ctrcoftanze.  Che  pero,  le  altre  cofe  pari, 
Taumento  e  maggiore  in  ragione  che  il  corpo  che  fornifce 
Telettricitk  alio  fcudo  fi  truova  avere  maggiore  capacita; 
ed  e  piu  grande  in  proporzione  che  la  forza  elettrica  im* 

*  £  ftato  cfeduto  per  tnolfio  tempo  che  il  calore,  e  molto  pii  la  iiquefazion6 
del  iblfo  e  delle  refine,  baftafle  fenz'  aicro  ad  eccitarvi  relettricitA.  Ma  tranne 
la  tormalina,  ed  alcune  altre  pietre,  efae  si  veramente  concepifcono  l*elettricita 
pel  folo  calore,  le  refine  e  il  folfo  non  h  mai  che  lo  facciano,  fe  loro  non  foprav- 
venga,  qualche  ftropicdamento,  o  toccb  almeno  d'altro  corpo.  LVrrore  e  nato» 
come  ha  awertito  it  Prof,  bsccauia  con  altr^  da  che  ogni  legger  tocco  della  mano, 
o  di  checchi  aitro  puo  baftare  in  tali  circoftanze  favorevoli.  Senza  queflo  la 
materia  fufa  abbandonata  a  fe  flefia  nel  rapprenderfi  e  dopo,  tanto  h  lungi  che  cont- 
ragga  alcuna  elettricit^^  che  anzi  perde  quella  qualunque  che  per  forte  aver  potefie 
prima  della  fufione,  cotne  le  noftre  fperienze  ci  afficurano.  N^  fia  meraviglia : 
giacche  tutti  i  coipi  coibenti  per  un  forte  grado  di  calore  divengono  conduttori ; 
«  i  corpi  refinofi  in  i^>ecie  lo  Ibno  gta  quando  £  trovan  molto  f  ammollki,  e  piik  al* 
lorche  coxnioctano  ad  entrare  in  f ufione. 

I  i  2  picgata 
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piegata  e  piu  debole.  Cosi  vedemmo  giu  che  fe  it  conduttore 
atmosferico  non  ha  la  forza  di  alzare  d'un  grado  il  pendolino 
dair  elettrometro,  movendo  appena  uii  fottil  pelo,  cdanche 
meno  di  queftb,  potra  tuttavia  abilitare  lo  fcudo  non  che  a 
vibrar  relettrometro  a  piu  gradi  alto,  ma  a  fcagliare  pur  anche 
vivace  fcintilla  (§  2.  e  feq.).  Ma  fe  Telettricita  nel  conduttore 
atmosferico  fara  piu  forte  a  fegno  di  dare  qualche  fcintilletta,  di 
mandare  Telettrometroa  5.0,6  gradi,  lo  fcudo  che  ricevera  quefta 
clettricrtJi,  dara  gli  e  vero  una  fcintilla  aflai  pi\i  forte,  e  Telet- 
trometro  vibrerafli  al  piu  alto  punto  ef.  gn  a  roo  •  120  gradi* 
Ad  ogni  modo  e  vifibile  che  la  condenfazione  deir  elettricitk  ne 
in  quefto  e  minore  che  nel  p°.  cafo,  in  cui  venne  aumentata  fi, 
ma  non  di  60  volte,  la  ragione  ^  che  al  di  la  del  maffimo  non  G, 
puo  andare,  cioe  di  quel  grado  a  cui  giunta  Telettricita  fi  diffipa 
da  fe  ftefla  aprendofi  il  paffagio  per  tutto.  Dunque  a  mifura 
che  la  potenza  elettrica,  la  quale  fi  applica  alio  fcudo  pofato,  e 
piu  vicina  a  tal  fommo  grado,  minor  accrefcimento  puo  ricevere 
dair  apparecchio  condenfatore.  Ma  che  bifogno  abbiamo  noi 
allora  di  lui,  e  tutte  le  voke  che  Tclettriciti  e  gik  fenfibile  e  forte 
abbaftanza  ? 

L'ufo  a  cui  vien  deftinato  e  di  fottrarre,  e  raccolta  fopra  di  ft 
fufficientc  dofe  render  fenfibile  qudla,  che  c  languida  afiatto  e 
impercettibile,  finch^  rimane  nel  gran  conduttore  in  pace  (i.). 

10.  Quando  dunque  il  conduttore  vi  d^  gia  da  ie  fblo  fegnL 
abbaftanza  diftinti  di  elettricita,  non  accade  ricorrere  all'  altro^ 
apparecchio*  Diro  dippiu  che  il  farlo  puo  produrre  uivgrande* 
inconveniente,  ed  e,  che  per  poco  che  Telettricitk  del  condut- 
tore fia  vigorofa,  a  fegno  di  dare  qualche  fcintilla,  av.viene 
allora  che  fecendogii  toccare  lo  fcudo,  Telettricit^  non  fi  arrefti. 
ill  lui  folo,  ma  che  pafii  in  parte  ad  imprimerfi  alia  faccia  refi- 
ftofa  cui  copre ;  onde  in  feguito  Tapparecchio  prenda  a  fare  Ie 
2t  funzioni 
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lunzioni  di  vero  elettroforo :  cio  che  per  le  ragioni  gia  dette  (8.) 
fi  dee  con  ogni  ftudio  evitare. 

11.  Per  prevenirc  un  tal  inconveniente  ho  penfato  di  furro- 
gare  al  piatto  incroftato  di  refina,  un  piano  che  non  fofle  vero  e 
perfetto  ifolante,  aflblutamente  impernieabile  al  fluido  elet- 
trico ;  ma  tale  folamente  che  opponefle  una  difcreta  refiftenza 
al  fuo  paflaggio,  come  una  laftra  di  marmo  afciutta  e  politif- 
£ma,  un  piattello  di  legno  fimilmente  afciutto  ed  arido,  oppure 
incroftato  di  geflb,  o  meglio  ancora  inverniciato,  una  tela  ince^ 
rata  fecca  e  monda,  od  altro  (imile.  Alia  fuperficie  di  tali  corpy 
non  avverrk  d'ordlnario  che  a'affigga  Telettricita  potendo  appic- 
cata  chefia  fcorrere  e  trapaflare  per  entro  ad  effi;  o  fepur  tat 
volta  ve  ne  rimanefle  un  pocolinoj  quaii  ftagnante,  fia  quefta' 
paflkggera,  in  brevi  momenti  IVanita.  Quindi  e  cheun  tal  ap-^ 
parecchio  inatto  alle^  funzioni  d'elettroforo  non  ce  ne  dara  i  feno- 
ixieni ;  ma  per  quefto  appunto'  meglio  fervira  all'  altr'  ufo  di* 
condenfatore* 

12.  Softituendo  cofi  alio  ftrato  refinofo  o  a  qualfivoglia  altro* 
coibente  perfetto  un  piano  o  ftrato  che  fia  mezzo  tra  coibentc  e^ 
deferente,  eioe  un  corpo  ifolante  molto  imperfetto  e  infieme' 
imperfettiffimo  conduttore,  quali  fbno  nelle  divifite  circoftanze 
gF  indicati  corpi  (prec)  non  folamente  fi  toglie  o  fi  fa  minore 
il  pericolo  di  qualche  elettricita  che  poffa  imprimerfi  e  reftar 
aderente  alia  fuperficie  del  piatto,  la  quale  renderebbe  equivoche 
he  fperienze delicate;  ma  innoltre  un  notabile  vantaggio  da  noi> 
fi  ottiene,  ed  e  che  lo  fcudo  pofato  fu  tai  piani  non  afFatto  ifo- 
lanti  cava  del  conduttore,  e  fi  tira  addoftb  maggior  dcfe  di  elet- 
tricita, che  ife  pofato  fofle  fbpra  uno  ftrato  refinofo,  od  altro^ 
perfetto  coibente.      E.  come  detto  gi^  abbiamo  (6.)  che  una> 
ftrato  refinofo  quanto  e  men  groflb,  tanto  piu  abilita  la  lamina 
che  gli  e  fovrappofta  ad  arricohirfi  di  elettricita ;  cofi  tale  ftrato* 

ridottOi 
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ridotto  ad  una  femplicc  vernice,  o  intonaco  di  cera.  Tuna  c 
Taltra  giA  men  coibente  della  refina^  e  infinc  ridotto  a  xiiente, 
foftituendovi  foltanto  una  fuperficie  poco  deferente,  comequella 
del  marnao  o  del  legno  arido,  fomminlftra  alia  latnina  naetallica 
la  piu  favorevole  pofitura  che  mai  aver  pofla  per  raccogliere  nel 
fuo  feno  abondante  elettricita. 

13.  Guardianioci  pero  nel  voler  ifchivare  il  troppo  di  ooi* 
benza  di  dare  nel  poco,  accoftandoci  ai  defe];enti  perfetti,  o 
quafi  perfetti.  Non  bifogna  perder  di  vifta,  che  la  fuperficie 
del  piatto  dee  opporre  una  difcreta  refiftenza  al  tn^aflb  ^el 
fluldo  elettricoy  per  rattenere  una  competente  dofe  di  dettriciti 
nello  fcudo  addofiatole  (ii«)*  ^  h^^  che  cio  faccaaper  uti 
qualche  piccioliffimo  tempo ;  d*uopo  eflendo  non  rare  volte  di 
tenervi  confinata  Telettricitk  otto,  dieci,  e  piu  minuti,  quanti 
clod  ne  inapiega  il  conduttore  atmosferico  a  raccoglier  dali* 
aria,  £d  infondere  iu  z^o  {cudo  tal  copia  di  elettricit^,  che 
poffa  renderfi  feufibile  e  colpicua  (3,  D.  ^ 

Dal  che  facilmeate  8*inteade  quanta  attenzione  pur  <x>ny eoga 
£  nella  icelta  del  cox^  da  i^rrqgai£  alio  ftrato  di  refina,  e  neUa 
convenevole  jM^parazione  4iel  locdefixno :  la  quale  preparazlone 
confifb  generalmente  in  certo  ^rado  di  ^Iccamento,  che  la 
riduca  alio  ftato  di  femlcoib^ite  n^  piik,  ne  meno^  Ad  cggni 
modo  fia  meglio  peccare  per  ecceflb  di  coibenza,  che  per  difetto ; 
meglio  prendere  un  piatto  qualfivoglia  incroftato  di  refina,  che 
un  defco  di  legiK)  nudo  noa  aridii&mo,  una  laftra  d  oflb,  od 
una  di  marmo  comune  non  previamente  rifcaldato  al  £>le  o  ai 
fuoco :  |;iacche  niun  oflb,  e  pochiifimi  tra  i  marmi  ho  tipvato 
che  valgano  a  tener  confinata  Tekttricitk  nello  icudo  che  cofm« 
baciano  oltre  ad  un  minuto  o  due  al  piii,  fe  abilitati  acm  ven- 
gano  da  un  coavenevole  rifcaldamento.  Difpofti  pero  che  fiaoo 
in  tal  modop  e  ove  iin^larmente  incontrata  fi  fia  ottima  qualki 

nel 
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ncl  marmo,  riefcono  a  meraviglia,  e  fbrpaffano  ogni  afpetta- 
zione ;  onde  fofterro  femprc  con  ragione,  che  fi  fatti  piani  di 
legno,  d*oflb,  di  pictra,  nudi  come  fbno,  e  ancora  notabilmente 
deferent!,  meritano  tuttavia  d*eflere  preferiti  a  un  ordinario 
piatto  d*elettroforo  fornito  del  fuo  flrato  refinofo. 

14.  Venendo  ora  piu  davvicino  alia  maniera,  onde  pratica* 
mente  fi  puo  ridurre  il  noftro  apparecchio  alia  maggior  per- 
fezione,  per  ritrarne  il  piu  gran  vantaggio,  dopo  aver  ricordato 
come  conviene  foprattutto  che  lo  fcudo  s*adatti  bene  a  com- 
baciamento  col  piano  fottopofto  (3  lat.  B.  e  7.),  fbggiugnero. 
che  per  ottener  ci6  nel  miglior  modo  e  bene  d'appigliarfi  ad  una 

* 

laftra  di  marmo,  e  quefta  infieme  alia  lamina  o  fcudo  metallico^ 
fpianare  ben  bene,  lavorandole  una  fopra  Taltra,  finche  fian. 
ridotte  a  tale  perfetto  combaciamento,  che  ne  nafca  fenfibile 
coefione  tre  loro. 

II  marmo poi cofi lavorato  fi  efponga per  molti gionii  alcalore 
d*una  ftufa,  con  che  efpellendofi  Tumido  di  cui  anche  tali  pietre 
fbno  fpeflb  inbevute,  verr^  il  marmo  condotto  a  quefto  ftato 
d*imperfettiffimo  conduttore,  che  e  Tottimo  per  le  fperienze  di 
quefto  genere  (12.  13.) ;  e  fi  manterrk  tale  per  un  pezzo,  fol 
che  non  refti  lungamente  efpofto  al  grand*  umido :  poiche  per 
quell*  umidore  che  puo  contrarre  accidentalmente,  e  in  poco 
tempo^  non  eflendo  che  fuperficiale,  non  verr^  eflb '.  marmo  a 
deteriorarfi  notabilmente;  e  baftera  prinrja  di  fperimentare  el- 
porlo  per  alcuni  minuti  al  fole,  o  pur  anche  afciugarlo  con  un; 
pannolino  caldo. 

15.  E  qui  giova  avvertir  di  nuovo,  che  non  tutti  i  marmi* 
fono  egualmente  buoni.     In  generale  i  piu  vecchi,  e  che  da. 
molto  tempo  fono  ftati  guardati  dal  grand'  umido  riefcono  in- 
comparabilmente  meglio  che  quelli  tratti  di  frefco  dalla  cava,, 
o  Aati  efpofti  lungamente  air  ingiurie  dell'  aria;  onde  queft 

I .  fblameate. 
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folameiite  han  bifogiio  dell'  efliccamento  nella  ftufa.  Ma  oltre 
ill  cio  avvi  aiicora  uotabiliffima  diiFerenza  tra  una  fpecie  e  Taltra 
di  marmo :  ne  ho  trovato  di  tali,  che  feiiza  rifcaldarli  ne  tam- 
poco  afciugarli  fauno  fempre  a  meraviglia,  e  di  tali  altri,  che 
anche  coa  una  tal  preparazione  noii  corrifpondono  troppo  bene ; 
a  meuo  che  non  ii  continui  loro  il'  caldo  durante  il  tempo  dell* 
cfperienze.  Sopra  tutti  finora  ho  trovato  eccellentc  il  bel 
marnio  bianco  di  Carrara.  Cio  non  pertanto  10  non  fb  abba- 
ftanza  raccomandare  di  rifcaldare  e  quefto,  e  gl*  akri  marmi, 
almeno  un  poco  innanzi  adoperarli :  con  che  vantaggian  fempre 
per  eccellenti  che  fiano  ed  eflendo  cattivi  vengono  a  migliorarfi 
infignemente,  e  fi  adaggiiagliarfi  ai  piu  buoni :  anzi  pofTo  dire, 
per  eiperienza  che  la  maggior  parte  dei  marmi  di  lor  natura  poco 
buoni,  ove  fiano  ben  rifcaldati  previamente,  e  infeguito^  man- 
tengano  tiepidi  tutto  il  tempo  dell*  efperlenza,  prevalgono  fe 
non  a  tutti  a  molti  dei  migliori  non  punto  rifcaldati. 

1 6.  A  chi  pero  fembraflfe  incomoda  quefta  preparazione  (la 
quale  per  altro  a  che  fi  riduce  ?  Ad  efporre  il  piatto  di  marmo 
al  fole,  od  a  prefentarlo  per  poco  d'ore  innanzi  al  fuoco 
d'un  cammino,  o  al  piu  tenerlo  fu  d'  uno  fcaldavivande  ove 
fia  o^  cener  calda  o  pochi  carboni  acceli)  io  fuggeriro  il  mezzo 
di  difpenfarfene :  bafta  di  dare  alia  faccia  piana  del  marmo 
una  buona  mano  di  vernice  copal,  da  afciugarfi  quindi  in  una 
ftufa  ben  calda  o  in  un  forno  tantoche  prenda  un  color  d^ambra 
tjrante  al  bruno.  La  vernice  medefima  d*ambra  fara  ottima, 
ficcome  pure  la  lacca.  Con  cio  non  folo  i  buoni,  mai  cattivi 
marmi  eziandio  ferviranno  mirabilmente  all'  intento  (che  fi 
pure  un  gran  vantaggio)  e  ferviranno  in  ogni  tempo  fenza 
previo  rifcaldamento,  o  almeno  fenza  continuarlo  loro  durante 
Tefperienza. 

^7- 
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1 7.  Appigliandofi  a  quefto  fpedlente  della  vernice  fi  puo  be- 
Biinmo  ill  luogo  del  piatto  di  marmo  far  fervire  una  lamina  di 
metallo  eguale  all'  altra  laniina  o  iia  fcudo,  e  refa  perfett^mente 
combaciante  col  lavorare,  come  fi  d  detto  (14*)  9  ^  due  piani 
un  fbpra  Taltro.  Se  la  vernice  fi  deile  ad  amendue  le  faccie 
combacianti,  non  farebbe  male ;  ma  bafter^  anche  il  darla  all* 
una  o  all*  altra :  in  quefto  cafo  pero  una  mano  fbla  di  vernice^ 
che  faria  piii  che  fufficiente,  per  la  laftra  di  marmo,  forfe  non 
bafteria  per  la  lamina  metallica,  ma  ce  ne  vorrebbe  una  fe* 
conda  ed  ancbe  una  terza  mano. 

18.  Ma  con  cio,  mi  ii  dir^,  noi  fiam  ricondotti  ad  un  vero 
piatto  d^elettroforo,  giacche  Tintonaco  di  vernice  tien  qui  luogo 
del  fottile  ftrato  di  refina«  lo  non  voglio  negarlo ;  anzi  diro^ 
d*aver  provato  che  e  il  metallo,  e  il  marmo,  (ingolarmente  cos! 
invernicati,  fon  tali,  che  Telettricitk  vi  fi  affile  facilmente,  e 
non  men  facilmente  vi  fi  eccita  per  iftrofinamento,  talche  il  fblo 
ftrifciare  che  faccia  lo  fcudo  fulla  fuperficie  inverniciata  del 
piatto,  o  il  percuoterla  con  qualche  forza  mentre  fi  viene 
a  pofar  (bpra  cotefto  fcudo,  bafta  perche  poi  dia  fegni  fenfibili  di 
elettricit^  allorch^  fi  diftacca.  Talora  anzi  non  e  pofiibile  d*im- 
pedire  che  quefto  fucceda,  per  quanto  fi  procuri  di  pofar  lo  fcudo 
pian  piano,  e  di  alzarlo  fenza  punto  ftrofinare.Tal  importuna  elet- 
triciti  pero  e  deboliffima  e  non  fi  fufcita  che  nel  cafb  in  cui  il  piatto 
vemiciato  fi  trova  afciugatiffimo,  e  ancor  tiepido  dal  fble  o  dal 
fiioco.  Si  fatto  afciugamento  e  rifcaldamento  adunque  non  folo 
non  h  neceflario  per  le  noftre  fperienze  quando  adoperiamo  un 
piano  vemiciato,  com*  i  neccflario  quafi  fempre  ove  s*adoperi  il 
marmo  nudo  (13.  15.  16.),  ma  non  e  neppure  molto  proficuo 
da  una  parte ;  e  dair  altra  egli  e  ailblutamente  pregiudizievole, 
per  ci6  che  dando  luogo  ai  fenomeni  A'eletirqforo^  puo  facilmente 
produrre  equivoci  ed  incertezze  (8.). 

Vol.  LXXIL  K  k  19, 
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19,  Qual  vantaggio  adunque,  mi  fi  dird  un'  altra  volta, 
neir  adoperare  in  luogo  di  un  ordinario  elettroforo,  un  piatto  ia^^ 
verniciato  ?  Altronde  fi  e  pur  dctto  che  vuol  preferirfi  un  piatto 
nudo  di  mar  mo  (i  1.  c  feq.).  U  vantaggio  del  piatto  verniciato 
fopra  r  un  ordinario  d'elettroforo  ^  i  ^^  che  la  vernice  fara  fem- 
pre  piu  fottile  di  qualunque  incroftatura  refinofa ;  2°.  che  quella 
meglio  che  quefla  puo  lafciare  la  fuperficie  del  piatto,  iia  dt 
marmo  fia  di  metallo,  piana  e  lifcia  in  modo,  che  lo  fcudo  vt 
s'adatti  ancora  quafi  a  cocfione  :  due  circoftanze,  quali  veduto 
gia  abbiamo  (6.  7.  14.)  quanto  influifcano  alia  buona  riufcita 
delle  fperienze  di  cui  fi  tratta.  Riguardo  al  piatto  nudo  di 
marmo,  egli  e  ben  vero  che  quefto  puo  fervire  egualmente  bene» 
e  forfe  meglio  s'egli  e  d'ottima  quality,  o  allorche  fi  tenga  con-- 
venevolmente  rifcaldato  (ij-)  ;  ma  valutando  bene  le  cofe.  Tin*-* 
comodo,  cioe  di  tal  preparazionc,  qyalunque  egli  fia  ( 1 6^),  e  la 
difficoltl  d'aver  il  marmo  perfetto  (15.),  credo  che  convenga 
ancora  I'efpediente  della  vernice,  che  vi  difpenfa  da  tutto  quefto 
( 1 6.).  Vi  refta  e  vero  Taltro  incon vcniente  di  potervifi  per  poco 
affiggere  Telettricitk ;  ma  oltrecche  anche  il  marmo  perfctta- 
mente  afciutto,  e  molto  piu  fe  caldo,  non  va  efente  da  tal  inco* 
moda  difpofizione,  egli  non  e  poi  tanto  difficile  di  cio  fi:anfare 
adoperando  le  debite  attenzioni ;  e  Taccurato  fperimentatore 
non  lafcerk  di  aflicurarfi  coi  mezzi  che  gia  fi  fono  indicati  (8.) 
che  non  trovafi  neppur  ombra  di  elettricita  imprefla  alia  faccia 
verniciata,  quando  imprende  a  fare  col  condenfatore  delle 
Iperienze  delicate. 

20.  Al  piatto  di  marmo  c  dr  metallo  inverniciato  va  di  paro 
un  piano  qualunque  coperto  di  buona  tela  incerata  fccca  c 
mouda,  di  taffeta  cerato,  di  rafb  o  d'altro  drappo  di  feta  il  quale 
piu  che  e  fottile  c  meglio  :  dico,  che  quefti  piani  cofi  veftiti  van 
di  paro  agP  altri  verniciati,  ftante  che  non  han  bifogno  che 

d'avere 
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,d*avcre  cotal  vefte  ben  afciuta,  c  al  piu  un  pocolino  nfcaldata 
prima  di  fervirfene ;  anzi  pure  e  la  tela,  e  il  tatFeta,  incerati 
non  jittraendo  molto  rumido,  noii  hanno  d*ordinario  nep- 
*pur  birogno  d'eflere  pofti  al  fole  o  al  fuoco  innanzi  farng 
ufb*  il  i^iamberlottOy  il  fel):ro^  ed  altri  drappi  dl  pelo  Ton  buoni 
anch*  efn,  ma  men  della  feta  ;  quel  di  laiia,  o  di  cotone,  meno 
ancora ;  e  i  piii  infelici  fouo  quei  dl  canape  e  d'l  lino :  ad  ogni 
modo  un  buon  afciugamentOy  e  un  gentil  calore  continuato  pof- 
ibno  abilltar^  anche  quefti,  ticcome  pure  abilitano  la  carta,  il 
cuojo,  il  legno,  Tavorio,  e  gl*  altri  ofli,  tutti  infomma*  i  corpi 
.che  fbao  da  feftefli  imperfettiilimi  cojiduttori,  anzi  non  condut- 
tori,  ma  troppo  bibaci  dell'  umido,  cui  percio  convien  efpellere 
£no  a  un  certo  fegno. 

2 1 .  DicoT^w  a  un  certo  fegno  :  perche  un  troppo  grande  ifo- 
lamento  i  pregiudizievole  anziche  no,  come  fi  6  gia  accennato 
(6.  12.),  e  come  ii  fardpiu  chiaramente  vedere  nell  2'  parte  di 
iquefta  memoria.  Or  dunque  fe  i  detti  corpi  vengano  fpogliati 
affatto  d^umido,  podi  per  efemplo  a  feccare  nel  forno,  in  tal 
cafo  iiccome  diverranno  veri  e  perfetti  coibenti  a  par  delle 
refine ;  cosl  Bon  ferviranno  piu  al  noftro  intento,  a  men  che 
non  fian  ridotti  ad  uno  ftrato  ibttile,  e  quefto  flrato  applicato 
ad  un  conduttotre  (ivi)  in  modo  che  ne  rifulti  un  vcro  piatto 
d'elcttroforo. 

22.  Non  lafcerd  da  ultimo  di  dire,  che  fi  puo  rendere  Tappa- 
recchio  ancora  piu  femplice,  fe  (i  applichi  (ia  Tintonaco  di  verj- 
uice, fia  la  vefle  d*incerato,  fia  il  tafFet^  od  altro  velo  di  fata,  fia 
infine  qualunque  materia  femicoibente,  alia  faccia  inferiore  dello 
fcudo,  in  luogo  di  coprirne  il  piatto ;  il  quale  in  queflo  cafb 
diventa  inutile,  fervendo  allorain  fua  vece  un  piano  qualunque 
egli  (ia,  un  tavolo  di  legno  o  di  marmo,  anche  non  ben  afciutti, 
una  laftra  di  metallo,  un  libro,  od  altro  conduttore,  buono  o 

K  k  2  cattivo 
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cattivo  che  fia,  fol  che  vi  fi  pofia  applicare  convenientemeute  la 
faccia  veftita  dello  fcudo. 

E^  in  vero  altro  pii  non  fi  ricerca  per  la  buona  riufcira  dcUe 
fperienze,  fe  non  che  relcttriciti,  che  tende  a  paflare  dall'  uno 
air  altro  del  piani  combaciantifi,  incontri  full*  una  delle  faper- 
ficie  tale  refiftenza,  che  valga  a  trattenerla,  come  fi  e  gii  accei»- 
nato  (11)9  e  ii  fara  chtaro  nella  ftefia  feconda  parts;  dov€  al 
dippiu  moflrerafliy  come  a  tal  effetto  bafli  anche  una  picciola 
refiftenza*  C16  pofto,  che  lo  ftrato  ibttite  coibefite  o  quafi  coi- 
bente  tenga  al  piano  di  fotto,  o  a  quel  di  fbpra,  cgli  e  lo  fteilb  : 
quello  che  in)pcrta  h  che  fi  combacino  bene  (7) ;  ta  qual  cofa 
non  e  fi  facile  ottenere  allorche  fi  pofa  lo  fcudo  fu  d^m  tavolo^ 
od  altro  piano  non  preparato  a  bella  pofta.  Egli  e  folo  per 
quefta  ragione,  per  ottenere  cioe  un  piu  efatto  eombaciamentOy 
che  lo  do  la  preferenza  a  due  piani  lavorati  un  fdpra  Taltro  la^ 
tonacandoli  quindi  od  amendue,  o  uno  folo,  qual  piu  mi  piace 
(14.  1 7,),  Del  refto  la  comodit^  tfavere  per  tutto  Tapparato  una 
fola  lamina  di  metallo  invcrniciata  da  un  lato,  o  coperta  di  taf^ 
feti,  e  dair  altro  gucrnita  di  tr^  cordoncini  di  feCa,  fa  che  io  mc 
ne  ferva  piu  comunenqiente :  e  la  riufcita  fe  non  agguaglia  per 
avventura  quella  dell'  altro  apparechio  compofto  del  due  piani 
lavorati  un  fupra  Taltro,  e  tale  per6  che  bafta  d'ordinario  all? 
intento. 

23.  Fin  qui  noi  abbiamo  confiderato  Putile  che  fi  puo 
ritrarre  dal  noftro  apparecchio  condenfatore  applicato  ai  con- 
duttori  per  efplorare  Telettricit^  atmosferica,  allorche  e*  debole 
af&tto  ed  impercettible  *.     Quefto  pero,  a  cui  viea  deftinato 

prin?- 

♦  A  quefto  propofito  non  debbo  onliTiettere,  che  n8  pochi  giorni  m  cui  m^applU 
cat  a  fpiare  reltttricita  atmosfertca  col  foccorfo  del  condenfatore^  non  fon  rimafto 
ftoza  buon  frutto  raccorne*    IlSig.  canton,  ed  altri  afficuravano  di  aver  ottenuto 
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principalmeDtei  non  e  il  folo  ufo  che  far  fe  ne  pofla^  ne  il  folo 
vantaggio  che  ci  procura :  ferve  altreli  molto  per  relcttricitk 
artificiale,  a  difcoprirla  cioe  ove  per  altra  via  non  ii  manifefte- 
rebbe,  o  a  renderne  i  fegni  alTai  piu  cofpicui.  Molti  fono  i  caii, 
in  cui,  relettricita,  che  e  nulla  in  apparenza,  o  molto  dubbia^ 
vi  fi  render^  chiara  e  fennbiliflima  coll*  ajuto  di  tal  apparecchio : 
ne  andro  accennando  per  modo  d'efempio  alcuni. 

24.  1°.  Una  boccia  di  Leyden  caricata,  e  quindi  addotta  alia 
fcarica  coU*  applicarvi  tre,  o  quattro  volte  Tarco  conduttore,  e 
con  replicati  toccamenti  della  mano,  vi  fembra  omai  fpogliata 
afiatto  della  fua  elettriciti.  Ma  che  ?  Toccate  coll*  uncino  di 
tal  boccetta  la  lamina  metallica  pofata  convenevolmente 
(cioe  fopra  qualunque  piano,  s*ella  k  ben  inverniciata  nella 
faccia  inferiore,  o  veflita  di  taftet^,  &c.  oppur  s*e  uuda  fbpra 
ibttile  ftrato  refinofo,  o  fu  d*un  incerato,  o  fu  drappo  di 
ieta,  o  fopra  tavolo  di  legno  inverniciato,  o  fopra  lailra 
di  marmo  ben  afciutto)  e  tofto  alzata  cotal  lamina  o  fcudo 
ne  avrcte  fegni  elettrici  fenfibiliffimi :  dal  che  concluderete 
che  Telettricita  della  boccetta  non  era  gia  tutta  fpenta,  come 
appariva.     Che  ie  quefta  aveile  una  carica  fenfibiie  a  fegno  di 

dall'  apparato  atmosferico  de  fegni  elettrici  piii  vivi  dell'  ordinario  in  tempo  di 
qualche  aurora  boreale  \  ma  molti  de  fifici  non  fono  perfuafi  ancora  che  I'elettri* 
cic^  influifca  in  quede  meteore,  e  alcuni  lo  negano  formalmente.  lo  fteflb  ne  du« 
bitai  moltiifimo :  ora  per6  parmi  la  cofa  certa ;  e  poffodire  d*aver  veduto  e  toccato 
con  mano.  In  qaella  belliflima  aurora  comparfa  nella  notte  dei  28  ai  29  Luglio 
dell'  anno  1780,  quando  falendo  a  poco  a  poco  dall'  orizzonte  fu  afcefa  tra  la  4.  e 
Ie  5.  italbne  alio  zenit,  fpargendo  tutt'  all'  intorno  un  vaghifHrno  lume  roffigno,  il 
cielo  altro'ade  eflendo  fercno  e  venroib,  fi  otrennero  col  favore  dell'  apparechio 
condenfatore  da  un  conduttore  atmosferico  ordinario  molte  belle  fcintillette  chiarc 
c  crepitant! :  quando  in  tutti  gl'  altri  tempi  fereni,  e  in  ogni  ora  del  giorno  e 
della  notte  dall'  ifteifo  conduttore,  e  coll'  ajuto  dell'  ifteiTo  cendenfatore  o  non 
ottienfi  fcintilla  o  minutiflima  foltanto ;  e  cio  percbe  quel  conduttore  atmosferico 
Aon  e  n&  alto  molto,  ni  molto  ben  iltuato. 

attrarre 
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ftttrarre  un  kgger  filo,  in  tal  cafo  lo  fcudo  toccato  dall'  unclno 
auche  per  un  fol  moniento,  e  quindi  alzato  vibrera  vivace  fcin- 
tilla.  Ripofto  quelle,  c  ritoccato  coU*  ifteflb  unciiio  della 
boccia,  c  rialzato  di  nuovo,  ne  otterrete  una  feconda  Icintilla, 
nulla  o  poco  men  vivace  della  prima ;  e  un  tal  giuoco  potrafli 
contiuuare  per  molte  volte  con  pari  diletto  e  meraviglia. 

Coteflo  artificio  di  produr  fcintilla,  e  replicate,  con  una  hoc- 
cetta,  che  non  ha  cwca  fufRciente  per  farlo  da  fe  fola,  vi 
apprefta  una  grande  comodita  per  varie  fperienze  dilettevoli, 
come  quelle  della  mia  piftola,  e  della  luccrna  ad  aria  infiam* 
mabile,  maffimemente  trovandovi  provveduto  d*una  di  quelle 
bbccette  preparate  alia  nianiera  del  Sig.  tiberio  cavallo  *, 
Ic  quali  fi  poflbno  portarc  cariche  in  tafca  molto  tempo.  Qucfte 
poiche  confervano  una  carica  fenfibile  alcuni  giorni,  ne  confer- 
veranno  una  infenfibile  per  fettimane,  e  mefi :  infenfibile,  dice, 
fenza  Tajuto  del  noftro  apparecchio  condenfatore ;  ma  *  con 
queflo  fenfibilifTima,  e  piu  che  fufficiente  air  uopo  di  accender 
la  piflola,  &:c. 

25.  2^.  Avete  una  macchina  elettrica  mefchina,  cosi  mal  in 
ordine,  e  in  tali  circoflanze  sfavorevoli  d*umido  &c.  che  non 
potete  trarre  la  piu  piccola  fcintilla  dal  conduttore,  il  quale 
appena  attrae  un  leggeriflimo  filo,  o  non  giugne  neppur  a 
tanto.  Or  via  fate  toccare  a  tal  conduttore  inerte  il  noftro  ap- 
parecchio, oflia  lo  fcudo  pofato  come  convlcne,  e  lafciate  che  il 
toccamento  duri  per  qualche  minuto,  tenendo  fempre  in  azione 
la  macchina,  e  vi  riufcir^  di  ottenere  col  folito  giuoco  di  ftac- 
care  lo  fcudo  dal  fottopofto  piano,  una  buona  fcintilla,  e  ogn* 
altro  fegno  vivace. 

26.  .3'\  Sia  pur  la  macchina  buona,  e  agifca  a  dovere ;  ma  il 
conduttore  trovifi  cosi  male  ifolato,  che  Telettricita  non  vi  fi 

*  Vedi  il  fuo  trattato  di  elettriciti. 

pofia 


Elettricitijia  Naturale^  Jia  Artljiclale.  255 

pofla  accumulare  a  fegno  di  dar  fcintilla,  e  neppure  dl  attrarre 
un  filo :  come  quando  Tifteflb  conduttore  tocca  al  muro  della 
flanza,  o  quando  una  catena  pende  da  efib  fopra  un  tavolo^  e 
fin  fopra  il  pavimento  della  Aanza.  In  fimil  cafo  crederete  che 
relcttricita  per  quelle  comunicazioni  fi  difperda  intieramente, 
ma  cercaudo  piu  oltre,  ricorrendo  ciod  al  condenfatore^  trove- 
rete  che  un  poco  fe  ne  trattiene  ad  ogni  momento  nel  condut* 
torre  tuttochd  non  ifblato,  e  tanto  che  durando  Tazlone  della 
macchina  qualche  tempo,  i  molti  pochi  raccolti  infieme  nello 
fcudo,  per  la  vantaggiofa  difpofizione  ch'  cgli  ha  di  tirar  fopra 
di  fe  Telettricita  (2.)  fanno  ch'  il  medefimo  (iapoi  in  iilato  di 
dar  fegni  abbaftanza  forti. 

27.  4°.  L*ordinaria  maniera  di  ftrofinare  alcuni  corpi,  e 
quindi  prefentarli  ad  un  elettrometro,  onde  vedcre  fe  per  tal 
mezzo  abbiano  o  no  contratto  qualche  elettricita,  e  in  molti 
cafi  infufficiente,  di  modo  che  Ibvente  fi  crede  che  fia  nulla,  {bl 
perch^  debolifiima.  Si  trae  dunque  un  gran  vantaggio  ftrofi- 
nando  corpi  dubbi  collo  fcudo  o  lamina  metallica  del  noftro  ap« 
parecchio,  che  ift  queflo  cafo  deve  efler  nuda,  poi  levatala  in 
alto  ifolata  interrogando  lei  medefima,  la  quale  dara  fegni  ab- 
baftanzr.  fenfibili  per  qualunque  picciola  ad  infenfibile  elettriciti 
eccitata  nel  corpo,  contro  cui  fi  e  ftrofinata,  e  dinoter^  quale 
fpecie  di  elettricita  quello  abbia  contratta,  giacche  fi  fa  che 
debbe  eHere  nei  due  contraria,  Anche  il  Sig.  cavallo  fi  fcr- 
viva  di  quefto  mezzo  per  ifcoprire  relettricit^  in  molti  corpi  *. 
Ma  ve  n'  e  uno  a  certi  riguardi  migliore,  che  certamente  ne 
egli  ne  altri,  ch'  10  fappia,  han  conofciuto.  Quando  il  corpo, 
di  cui  fi  vuol  provare  la  virtu,  non  e  tale  che  vi  fi  poffa  addat- 
tare  in  piano  la  lamina  metallica  per  dimenarla  fopra  ftrofi- 
nando,  fi  puo  fare  cosl :  pofata  la  Inmina  fopra  il  folito  piano 

♦  Vedi  il  fuo  trattato,  cap,  VI,  p.  iv, 
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femicoibente,  fi  ftrofini  efla,  o  megliq  fi  percota  a  vari  colpi  col 
corpo  in  queftione ;  il  che  fktto  fi  levi  la  lamiaa,  e  (i  oflervl  fe 
k,  elettrizzata :  lo  far^  certo  nel  cafb  che  vi  fiate  fervito  a  per- 
cuoterla  di  una  flrifcia  di  cuojo,  d*una  corda,  d^un  pezzo  di 
panno,  di  feltro,  o  fimili  cattivi  conduttori ;  e  lo  fark  alTai  piu 
che  fe  Tavefte  sferzata  o  ftrofinata  par  egual  maniera  coi  mede- 
funi  corpi  ftando  eiTa  lamina  metallica  ifolata*  In  fbmma  coll* 
uno  o  coir  altro  degl*  iudicati  mezzi  voi  otterrete  elettricita  da 
corpi  che  non  avrefte  mai  creduto  che  godeilero  di  quefta  virtu» 
anche  da  corpi  non  fecchi,  da  tutti  infine  eccetto  folo  i  metalli 
e  i  carboni :  diro  dippiu,  ch*  io  ne  ho  ottdiiuto  qualche  volta 
ftrofinando  la  lamina  metallica  colla  mano  nuda. 

28.  5°.  Si  h,  cercato  fe  il  calore,  Tevaporazione,  le  fermen- 
tazioni,  &c.  producano  qualche  grado  di  elettricita,  oiiia  cagi- 
onino  qualche  alterazione  alia  dofe  naturale  del  fluido  clettrico 
nei  corpi  che  fubifcono  cotefta  azione,  e  in  quelli  che  ne  (bno 
in  contatto.  La  ricerca  era  di  grande  importanza  per  fiifar 
pure  qualche  idea  full*  origine  dell*  elettricita  naturale,  oflia 
atmosferica.  Io  fo  di  molti  che  hanno  tedRtAfpecialmente 
full'  evaporazione  delle  fperienze  invano,  anche  hanno  infine 
rinunciato  alia  fperanza  di  ottenere  per  tal  mezzo  fegni  elettnci ; 
n^  fo  d'alcuno  che  fia  ancor  giunto  ad  ottenerli.  L«e  mie  pro- 
prie  fperienze  non  avean  avuto  miglior  fuccefib ;  ad  ogni  mode 
ben  lungi  di  rinunciare  ad  ogni  fperanza,  le  andava  fempre  piii 
nodrendo.  Da  gran  tempo  io  aveva  imaginato  che  le  diflblu- 
zioni,  le  eServefcenze,  le  volatilizzazioni,  &c«  fconvolgendo 
le  minmie  particelle,  e  forma  e  pofizione  mutandone,  doveano 
coir  alterazione  delle  forze  mutue  di  efie  particelle  aumentare  o 
diminuire  le  rifpettive  capacitk  dei  corpi  fottopofli  a  que  moti 
inteflini,  e  confequentemente  occafionare  dove  condenfazione, 
dove  rarefazione  del  fluido  elettrico :  ne  era  cofi  perfuafo,  che 

non 
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Hon  fapevo  darmi  pace  che  relettricita  non  fi  manifeftaffe  per 
elcuno  di  tai  proceffi ;  di  tal  mancanza  di  feghi  pertanto  10  ne 
accagionavo  parte  alia  debolezza  dell'  elettricitk  che  per  tal 
modo  fi  eccitava,  parte  alia  difiipazione  di  effa  prodotta  dai  vapori 
medefimi  che  fi  follevano  durante  il  proceflb,  e  diftruggono  quafi 
intieramente  rifolamento :  mi  compiaceva  pero  fempre  a  pen- 
fare,  che  Tavrei  un  g^orno  potuta  fcoprire  cotefta  elettricitJ 
fugace,  moltiplicando  le  iperienze,  e  mettendovi  pi{i  di  atten- 
zione  e  di  accuf atezza  ^«  Due  anni  fono  allorche  fui  pa(!b  paflb 
condotto  alia  maniera  di  condenfare  a  un  fegno  fi  grande  Telet- 
trlcita  coir  apparecchio  ,qui  defcritto,  i  miei  penfieri  fi  rivolfero 
nuovamente  air  oggetto  delle  antiche  mie  rieerche,  e  concepj 
molto  piu  fondata  fperanza  di  poter  ifcoprire  qualche  cofa,  e 
gia  mi  proponeva  di  applicarmi,  a  tali  fperienze,  quafi  prefa- 
gendo  la  riufcita ;  ma  varj  accident!  le  ritardarono  fino  al  Marzo 
e  Aprile  di  queft*  anno,  in  cui  intraprefe  avendole  a  Parigi  in 
compagnia  di  alcuni  membri  dell*  Accademia  R.  delle  Scienze^ 
mi  riuici  finalmente  di  ottenere  fegni  non  dubbj  di  elettricit^ 
(che  dico  fegnl  non  dubbj  ?)  fin  la  fcintilla  elettrica  dail*  eva« 
porazione  dell'  acqua,  dalla  femplice  combuflione  dei  carboni,  e 
da  varie  efFervefcenze,  come  quelle  che  prodiicono  Taria  infiam« 
mabile,  Taria  fifia  e  Taria  nitro(a« 

29.  Terminero  la  prima  parte  di  qoiefta  memoria  coll'  dire, 
che  oltre  gli  accennati  vantaggi,  ed  altri  del  medefimo  genere, 
che  ne  procura  il  noilro  condenfatore  confiderato  femplicemente 
come  iftromento,  atto  ad  ingrandire  i  fegni  deir  elettricita ;  le 
varie  fperieaze  che  poflbno  farfi  con  eiib  fpargono  eziandio  molto 

*  Tutti  quefti  miei  penfieri  fono  efpofti  in  una  differtazione  latina  ftampata 
I'anno   1769,  che  ha  per  titoio,  De 'ui  attroBiva  ignis  eUBrici^  ac  fbenomifus  iiuk 

ftHiUntihuSy  did  JOHAHHZU  BAFTI5TAM  BECCA&IAMi  &C, 
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hime  fuUa  teoria  ekttrica,  per  quclla  parte  maffimamente  che 
riguarda  I'azione  dclk  atmoslenev  lo  che  andiamo  a  vedcrtt 
nella  parte  2V 


]^  A  R1?E    S  EC  ON  DA., 

l^  qual  maniera  un  conduit  ore  accojldndofi  a-  un  altro  ./otto  arte 
condizhne,  Ji  truovi  in  ifiato  di  ricevere  unajiraordinaria  quan^ 
fit^  di  elettricitd. 

30V  Le  fperienzc  riportatc  nellft  prima  parte  di  quefta  mc-^ 
moria  ci  hanno  abbaftanza  moflrato  come  una  lamina  metallka 
o  qualfivoglta  piano  conduttOFe,  cui  foglio  appellare  fcudoy^  ap« 
pjkato  adun  altro  piano,  il  quale  opponga^  o  per  la  qualtta  fua 
di  cattivo  conduttore,  o  per  Tinterpofizione  di  un  fbttile  ftrato 
colbente^  una  certa  non  grande  refiftenza  alia  trasfuficme  dell^ 
elettricit^,  come  difli,  tale  fcudo  in  fifFatta  poiizione  atto  fia  a 
^arc  fopra  di  (e  &  raccorre  nel.fuo  feno  maggiore  copia  di  elet^ 
tricita,.  ch^  fe  fi  trovaiie  in  qualfivoglia  modo  perfettamente  ifb* 
lata#     Abbiam  ved^to  come  facendolo  toccare  all*  uncino  di  una 
boccia  diLeyden,  al  conduttore  di  una  macchina  elettrica,  o 
a  quello  deir  elettricit^  atmosfcrica,  infine  a  qualunque  potenza. 
a  forgente  elettrica,  anchQ  quando  Telettricit^  ^  deboliffima  e 
affatto  impercettibile,  pur  gli  fe  ne  comunica  tanto  da  poter  nm- 
nifeflarfi  quindi  con  fegni  molto.  vivaci,  tofto  che  (i  leva  efib  - 
fcudo  in  alto.     Or  qui  iutraprendiamo  di  fpiegare  un  tal  feno- 
neho:  e  la  fpiegazione  medefima  fervir^  piu  ch*  altra  cofa  a  . 
facilit^are  la  pratica-delle  Iperienze  di  qucftg  generct  v. 

3H. 
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31.  Adunque  il  tutto  (i  riduce  a  quefto:  che  la  lamina  o 
fcudo  ha  molto  e  molto  maggiore  capacita  nel  i"*  ca(b,  quanda 
cio^  pofa  ful  piano  avente  le  condizioni  indicate  (praec.  e  i  !• 
12.  22.),  che  nel  2%  in  cui  tienfi  ef.  gr.  in  alto  fofpefb  per  i 
fuoi  cordoncini  di  feta,  o  per  un  manico  ifblante,  oppur  che 
pofa  fbpra  un  groflb  ftrato  coibente,  o  fbpra  un  piatto  ifblato. 

Par  dilucidare  quefto  punto  eflenziale,  prendiam  le  cole  da 
piu  lontano. 

32.  Non  vi  vuoi  molto  a  comprenderc,  che'  ivi  e  maggiore 
capacit^^  dove  una  data  quantita  di  elettriciti  ^^ge  a  minor 
intenfiti,  o  che  h  lo  ftefib,  quanto  maggior  dofe  di  elettricit^  & 
richiefta  a  portare  Fazione  a  un  dato  grado  d^inteniita ;  e  vice-- 
verfa:  a  dir  breve,  la  capacitit  e  azione/  o  teniione  elet« 
trica  fbno  in  ragicMie  inverfa. 

Faro  qui  oflervare  ful  principio,  ch'  10  dinoto  col  termine  di 
teniione  (che  volentieri  fbftitui&o  a  quello  d^intenfitS)  lo  sforzo 
che  fa  ciafcun  punto  del  corpo  elettrizzato  per  disfarfi  del  la  fua 
elettricid^  e  communicarla  ad  ailtri  corpi :  al  quale  sforzo  cor*- 
rifpoudono  generalmente  in  energia  i  fegni  di  attrazione,  ripul- 
iione,  &c.  e  particolarmente  il  grado  a  cui  vien  tefb  Telettro^ 
metro. 

33.  Cv^  che  abbiam  detto  comprenderii  facilmente  che  la 
Cenfioae  debb*  eiiere  in  ragione  inverfa  delle  capacita,  ci  viene 
poi  maftrato  nella  maniera  piu  chiara  dair  efperienza«  Siano 
due  verghe  metalliche,  una  lunga  i  piede  e  Taltra  5.  di  grof- 
fezza  equali.  S'infonda  alia  prima  tan  to  di  elettricitd,  che 
giunga  a  vibrare  un  elettrometro  anneffo  a  60  gradi :  fe  in  quefto 
ftato  fi  fara  toccare  quella  all*  altra  verga,  Telettriclti  compar- 
tendoii  equabilmente  ad  ambedue,  diminuira  di  tenfione  tanto 
appunto,  quanto  la  capacita  (i  truova  ora  accrefciuta,  cio^  6 
volte :  locche  ci  fara  vedere  Telettrometro,  fmontando  dai  60,  ai 
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260  Del  modor  di  rtndtr  Jinfihilljfma  la  flu  debble 
logradh  Cosi  fe  rifteffa  quantitd  di  elettricita  veniffe  a  dif- 
fonderfi  in  un  conduttore  60  volte  piu  capace,  noa  rimarrebbe 
che  ^V  della  primiera  tenfione,  cioe  un  gf  ado  folo :  come  vke^ 
n)erfa  la  tenfione  di  i  fol  grado.  di  cotefto  gran  conduttore,  o 
d'altro  qualunque,  falirebbe  a  60,  oVe  la  di  lui  elettricitd  veniflc 
a  raccorfi  e  condenfarfi  iauna  capacitd  60  volte  minore*- 

34.  Or  non  folo  conduttorL  di  mole  e  maffa  diverfi  hanno 
divcrfa  capacitd ;  ma  anche  rifteflb  conduttore  puo.  averne  una 
maggiore  o  minore,  fecondo  varie  errcoftanze;.  alcune  dellc 
quail  non  fono  per  anco  ftate  confiderate,  come  fi  conviene; 
E  ftato  oflervato  che  Tifteffo  conduttore  acquifta  o  perde  ia 
capacitd,  a  mifura  che  fi  aggrandifce,  o  fi  riftringe  di  fuperficie ; 
fecondo  che  una  catena,  metallica  ef  gr*  fi  difpiega  in  Jungo,  o 
fi  ammucchia,  fecondo  che  vari  cilindri  contenuti  un  nelU 
altroj  come  quelli  d'un  cannochiale  fi  traggon.  fuori,  o  fi  fanno 
rientrare,  &c.  Quindi  fi  e  conclufo  generalmente  che  la  capaciti 
none  in  ragion  della  mafiia,.  ma  bene  in  raglon  della  fuperficie 
deL conduttore:  come  franklin  ha  dimofitrato  appunto  colL* 
indicate  fperimento  della^  catena. 

35-  Qv^i^  conclufione  e  giufta-,  ma  non  comprende  anccr 
tutto,  perocch^  anche  con  fuperficie  egualmente  grandi  fi  ha 
maggiore  o  minore  capacitd,  fe  fiano  i  conduttori  diverfamcnte 
conformati.  Efla  fi  troverd  maggiore.  cUmol to  in^  quel  condut* 
tore  che  avjd  piii  lunghezza.  comunque  fia  d'altrettanto  men 
grofiib^  coficche  la  quantitd  della  fuperficie  riffianga  eguale : 
come  WATSON  ed  altri  aveano  gid  ofllervato,  e  come  io  mi 
lufingo  d'aver  pofto  in  migllor  lume  nella  mia  memoria  fulla 
capacitd  de,  conduttori  femplici  *,  nella  quale  dimoftro  il  grande 
rantaggio  dl  un  conduttore  coftrutto  di^jiiolte  verghe  di  legno 
coperte  di  foglia  metallica,  e  collocate  in  lung€>  punta  ,a  punta, 

*  Fu  pubblicata   quefta  memoria  in   un  qpcr^  periodica   di  Milano    intitolata 
Ofn/coH  Sifjuy  ^v  Tanno  1778^  e  uel  Gicyrnale  dell'  Ab.  rozier  i'anno  fcquente. 

fgpri; 
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ibpra  gl'  ordinarj  conduttori  aflai  piu  groffi  e  meno  lunghh  Se 
rifteflb  conduttore  colla  groflezza  e  lunghezza  medefima  non 
iia  diritto,  ma  aflTai  carvo,  e  iiiblto  piu  fe  efiendo  ef.  gr.  un  fil 
di  fcrroi  abbia  molri  torcimeriti,  o  fi  ripieghi  indktro,  avri 
miuore  capacitd ;  cosl  pure  Favranno  minore  le  indicate  verg* 
hette,  fe-invece  d*effer  collocate  punta  a  punta  in  linearetta,  la* 
iiano  ad  angolo^  e  peggio  fe  s^accoAino  parallele.. 

Le  {perieiize  ed  oflervazioui  da  me  rappprtate  in  quello  fcritto^. 
ed  infinite  altre,  maflimatnente  quelle  intorno  al  cosi  detto 
po%zo  elettrscoj  concorrono  tutte  a  provare,  che  la  capacitd  e  ia 
raggione  non  delle  luperficie  qualunque  efle  fieno,  ma  delle^^--^ 
perjkie  liber e^  daiP"  azione  iklle  atfmsfire  omohgbe  r  nollz  qazl^ 
rettificata  propolizione  converranuo  tutti  quelli,  che  fi  faranno  a 
confiderare  i  principali  fenomeni  delle  atmos&re  elettriche* 

36.  Ma  V*  e  dippiu  ancora :;  c  quefta^  propriamente  che  fa 
al  noftro  cafo.  L'ifteflb  conduttore  ritenendo  la  ftefla  foperficie^ 
e  la  forma  fua  non  mutata,  acquifta  maggiore  capacitsl  allo^ 
rache  in  luogo  di'rimanere  ifblato  folitariamente^  fi  af&cciaa 
un  altro  conduttore  non  ifblato^  e  Tacquifta  tanfo  fempre  mag-- 
giore  quanto  vi  fi  affaccia  piu  davvicino,  e  quanto  le  fuperficie 
che  fi  prefentano  uu.raltro  £bno  piii  larghe.  lo  chiamo  quel 
conduttore  ifolato  che  ne  ha  un  altro  di  fronte  (fia  quefto  noiik 
ifblato,  come  nel  cafb  noftro,  fia  anche  ifolato,  elettrizzato  or 
no),  lo  chiamo  conduttore  conjugato ;  e  gii  io  aveva  promeflc> 
Bella  mentovata  diilertazione,  trattato  avendo  della  capacitd  d^ 
ciinduttori  fempUciy  ofolitariy  di  trattare  in  feguito  di  quella  de^ 
conduttori  eonjugati* 

37.  Talc  circoftania,  cKe  accrcfce  prodrgiofamente  la  natu- 
rale  capacita  diun  conduttore,  quella  ^  fbpra  tutto,  a  cui  non 
truovo  che  fi  fia  fatta  ancora  la  debita  attenzione ;  molto  meno» 
che  alcuno.  ne  abbia  tratto  quel  vantaggi,  che  dall*  applicazioner 

facilment&9 
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facilmeute  ne  derivano.  Ma  vetiiamo  a  quelle*  fperienze  pii!i 
femplici,  che  ci  mettono  fott*  occhio  quefta  accrefciuta  capaciti^ 

Preado  un  difco  di  metallo,  il  folito  fcudo  d'elettroforo  per 
erempio,  e  tenendolo  in  alto  ifolato  lo .  elettrizzo  a  una  data 
forza,  quanto  bafta,  fupponiamo,  z  fare  che  un  ekttrometra 
annefib  (i  ten  da  a  60  gradi ;  calando  indi  e(£)  difco  gradata- 
mente  verfo  un  tavolo  od  altro  piano  defcrente,  ecco  che  decade 
r^ttrpimetro  a  50,  40,  30  gradi.  Non  crediate  percio  che 
iia  fcerpata  a  quefto  punto  la  quantitd  d*elettricita  che  il  difco 
po(&ede,  la  quale  anzi,  purchid  quello  non  iia  giunto  a  tale  vici<- 
nanz^  deir  altro  piano  deferente  da  dar  luogo  alia  trasfulione 
collo  icoccsre  di  qualche  icintilla^  fi  fari  mantenuta  neir  intie« 
r^ei^^a  iua,  quanto  alcoeno  la  lung^ezza  del  tempo,  lo  ftato  dell* 
aria  e.  dell*  iiblameoto  lo  permette.  Onde  dunque  tale  e  taiito 
gbbai&mcftto  di  tenfi^ne  ?  Non  altronde  che  dall*  accrefciuta 
capaaitii  del  di{co,  or  non  pi^  folitario,  ma  conjugate.  In  prova 
di  che  'fe  fi  {aUsifi  di  nuoiro  gradatamente,  riialiri  il  fuo  elettro«< 
qpetfiO  a  40^  50,  e  fin  preflb  ai  60  gradi  di  prima  (rifalirebbe  a 
<^6o  ^uAo,  fe  6  poteile  impedire  affatto  il  difiipamento  neir 
aria,  ^  -lun^  gl*  iiblatori  uoa  mai  perfetd  abbafl:mza) ;  a 
oaifura  cioe  che  allontanandoiii  dall'  akro  piano  deferente  ritorna 
ol  difoo  a  qyoUa  ptu  angufla  capadti,  che  gli  compete  quaad^  e 
^^litario. 

.j|8«  La  ngiofusdi  un  tal  &nomeno  fi  deduce  facilmenCe  dall' 
^iojQfe  4e^le  atmosfgre  ekttriche.  Quella  del  diico,  che  or  fup« 
rpongo  c^ttrico  per  ecceffo  fi  fa  fentire  al  tavolo,  od  altro  qual- 
fivoglia  cqpduttore,  a  cui  fi  affaccia  in  guifa  che  il  fuoco  di 
tquefto,  giufta  le  note  Icggi,  ritirandofi  fi  dirada  nelle  parti  piu 
-pyicine  al  didbo  fovraftante,  e  tauto  piu  fi  dirada,  quanto  eilb 
54i&o  elect rico  fi  va  piu  accoftando.  Se  Felettricita  di  quefto  e 
4*^  £Jktto^  il  £iu>eo  de)  tavolo  o  pi^utK)  iuferiore  qualunque  fia, 
4  accorre 
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accorre  e  fi  addenfa  verfo  la  fuperficie  medefima,  chc  guarda  i! 
difco,  c  che  ne  fertt«  piu  dawicino  ra^ionc,  Infomma  le  parti 
immerfe  nella  sfera  di  attivitSi  dftl  difeo  contraggorio  un  elcttri- 
cit^  contrariaj  ekttrkiti  che  puo  dirfi  accidentaUj  e  che  por- 
tando  in  ccrto  modo  un  compenfo  a  quella  reale  deJ  difco  mcdc- 
lima,  ne  cMminirifce  la  fetifione^  eome  apputito  ei  dimoftra  Tib- 
haflamento  dcir  eletkromctro  (prfa^c.) 

39.  Dtre  altrc  fpericnzc  pcMranrto  \h  maggior  lume  quefta  * 
azbne  rcciprdca  deilc  atmcsfere  ekttrkhe,  merci  di  cui  ora 
s*hifie^ol}fcono,.6ra  fi  ritifbnfcano  mottiamente  le  tenjhni ofRz 
azioni  eletti-ichc  di  due  corpi  col  fblb  atrvicitiarfi  Tuho  air  altro, , 
ritenendo  ciafcuno  n^  phi  niS  meno  la  fua  dofe  di  elettricitJl. 

Cominciamo  da  quelle  che  fi  rinforzano.     Quefte  fono  le 
aifnosfere  ormhgbe.     Siano  pcrtanto  due  piani  conduttori,  due 
dfchi,  elettri2zati  o  per  ecceflb  amenduc,  o  amendue  per  di- 
fttto. .   Si  af&ccino  quefti,  e  fi  viadano  gradatamente   awici- 
nando  t  vcdraffi  che  influifcono  Tuno  full*  altro  in  modo,  che  la . 
tenjione  elettrica  s'accrefce  in  amfendue  a  proporzione  del  pii 
g'ande  avvicinamento,  e  della  quantiti  di  fuperficie  che  fi  pre-  - 
fentano  : .  cio,  dico,  vedraffi  dal  maggiore  innalzamento  de  rif- 
ppttivi  elettrometri,  e  dalk  fcintilla,  che  efplorando  Tiino  o  > 
Taltro  di  quel  difchi  fcocchera  a  maggior  diftanza,  che  fc  ciaf- 
cuno fofie  rimaft:o  con  tutta  la  fua  tXcttnQit^folitario.    In  quello  . 
ftato  adunque  di  avvicinamento  egli  e  chiaro,  xhe  ciafcuno  de 
due  couduttori  r(?«/«^i7//  ha  una  minore  capacita;  giacche  a^ 
proporzione  che  fono  gid  attuati  a  un  piu  altro  grado  di  clettri- 
cit^,.lQr  refta  aneno  per  giugnore  al  fommo,  o  a  parlar  piu  . 
giufto,,.  maggiore  ^  la  refiftenz?i  che  oppongono  ad  un  ulteriore 
carica, ..conformemente  a  quanto  offervato  gia  abbiamo  {^^"^^^ 
che  la  tenfione  efprime  Id  sforzo,  onde  un  corpo  tende  a  disfarfi  1 
d^ll'  elettricita,    e  a  comunicarla  altrui..    Cos!  .una  boccia  dx  ^ 
I  i  .  Lfeydeaa 
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Leyden  carica  a  un  grado  un  poco  m^ggiore  di  qttello  dei  difctn 
foUtaru  la  quale  per  confeguenza  darebbe  loro  in  taleftato,  r/V^- 
*oera  all'  incontro  da  effi  quando  eflendo  cor^ugati  vi  pre  vale  la 
tenfione :  rltoruando  quefti  {blitari,  x^ederarino  un  altra  volta  alia 
boccetta^  &c. 

Or  anche  fi  cdniprende  quello,  che  abbiamo  fatto  piii  ibpra 
oflervare  (36.),  onde  iia  clod  che  un  filo  metallico  ripiegato,  <o 
molte  verghe  pofle  allato  e  vicine  le  une  alle  akre,  abblano  mi- 
nore  capacity  che  diipofte  Tune  all*  altre  in  una  linea  cetta^ 
perch^.con  fuperficie  equal!  un  conduttore  corto  e  groilb  abbia 
meno  capacity  d'un  lungo  e  ibttile ;  perche  infine  la  capaciti  (ia 
in  ragione  delle  fuperficie  liber e^  o  jneno  atiuaie  .dall*  influflb 
delle  atmosfere  omolqghc^ 

40.  Siano  ora  i  medefiml  difchi  della  fpenenza  precedente 
ajnbi'  ellettrizzati,  ma  uno  pereccejfo  Taltro  per  difetto^  ben  fi 
vedc  che  ne  feguiranno  .effetti  contrarj :  cio^  Pinfluenza  vicen- 
ckvolc  delle  atmosfere,  per  cui  i*uno  e  attuato  A^  altro,  pro- 
diirra  un  compenfo  od  equilibrio  accidentale^  onde  diminuiraffi  la 
tenjione  in  amendue,  cadri  Telettrometro^  &c.  Allora  io  dico 
che  trovafi  accrefciuta  ia  ciafcuno  de  due  difchi  la  capacitd,  in- 
quantoche  opporrd  ciafcuno  minor  refiilenzaad  un  ulteriore 
carica  deir  elettricitd  che  gid  poffiede,  e  gliene  rimarra  dippiu  a 
prendere  per  giugnere  a  un  dato  ^rado  di  tenfione.  Cos!  una 
boccetta  di  Leyden  carica  dell'  iftefla  fpecie  d'  elettricita  d'uno 
di  quefti  difchi,  e  all'  ifteffo  grado  ed  anche  al  difotto,  potrebbe 
tuttavia  aggiungere  all'  elettricitd  di  quello,  quando,  trovandofi 
conjugate  J  la  fua  ten/tone  e  indebolita  dall'  atmosfera  elettrica  con- 
traria  del  difco  compagno ;  ma  rimoflb  quello  da  quefto,  e  dive- 
nuta  in  lui  le  tenfione  prevalent e^  darebbe^gli  della  fua  elettricitd 
alia  boccetta,  &c. 

41.  Non  refta  pii  ora  che  fare  un  applicazione  di   queft* 
ultima  fperienza  a  quelle  riportate  di  fopra  (38.),  in  cui  il  difco 

7  elettrizzata 


fiTiinnffho  \^^^^\  dbv7a  3iinqu^  rikfcere  riflefloyytt)i/i^//^\acd^ 
fare-,'  r;ifteflo  rbwi![^)i/^    e  aneviamentb  alia  ienjione  elettnca  del 
cIilCQ^  To  Iteflo  aopatimelito  dell  elettrometro,  come,  appunto  U: 


Oflerya.Pgo.j  :,  qumdiXaccrerauta  capaata.di  eflo  dilco;.  quuidi 
lA  mriggior  tlole  di  elettncitache  potm  ricever?  (pre^cJj.&c.' 

42.  JLa.coia  e  ffia  Dalian tepiente  cniara,  ma  li  rendebi  a 

piu  manifeita/e  tpctherr 

piano  conduttore,  y  uppoh 

metallico,'  cite  cKiamei 

dirco '  elettrico';  e '  dopb 

allora.compariranno.  realmenta  in  effo  piano  o  difcb.uifQriore  1 


tana/ncupera'ra  /^/j^^^^^^  ctieTavyicin^niento  ffliiiyea  ifatto  per- 
derer  la  perdcra  dinuovp  a  miiura  clieii  accoftera  un  altra  voU^ 

m 

azioi 

quah  yicepdp 

ciulcuno  de 


plu  (Ignincante  di  tutti,  e  ahfiifco  dire  cV  e^Q  lolo'  ylda^a  fple-» 


uperiore  eiertnzzaro,  e  iioiaco  n manga 
tempo  che  quefto  vi  fta  fopra,  in  tal  cafo  venendo  attuato  dalla 
Vol.  LXXII.  Mm  -  di 
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di  lui  atmosfera,  acquiftcrd  quella  chc  chiamo  dettricitd  omokga 
accident  ale  J  cioe  una  tenfione  od  azione  elcttrica,  con  cui  fa 
sforzo  di  confequire  relettricitd  contraria ;  il  che  non  venen- 
dogli  dato  di  efFettuare,  per  rifolamento  ki  cui  fi  truova,  noii 
potra  neppur  compJinfare  nel  dovuto  modo  Telettricitd  deldifca 
incotnbente,  ne  quindi  dimiauire  in  lui  la  tenfion^  notabilmtnte^ 
dimodoche  relettrometro  appena  fori  cenno  di  abbaflarfi  (il  qual 
picciolo  abbaflamento  A  deve  9  quel  poco  di  fuoco^  che  per 
Tazione  deir  atmo^fera  elettrica  puo  moverii  nella.  fpeUezza 
del  qualunque  difco  inferiore^  a  lungo  i  fuoi  fbfiegni  ifolantl 
non  mai  per fetti  abbaftan2^)  ;  e  per  confeguenza  non  acquifteri 
il  difco  fuperiore  m^ggiore  capacitd^ .  onde  poter  prendere  mag^- 
gior  dofe  di  elettricitd*  Ma  bene  Facquifteri,  fe  un  momento 
fi  venga  a  toccare  il  <fifco  infeijore,  onde  diftsuggere  ia  eflcr 
Telettricitd  accidentale  omologa^  che  vuol  dire  fargli  prendere  1^ 
reale  contraria^ 

44.  Se  U  difco  Inferiore.non  che  trovarfi  ifolatp,  Cii  cgU  men 
ieCimo  ifolan^te,  fuccedera  lo  fteilby  cioe  non  potri  dkninuire  la 
tenfione  clettrka  ne  quindi  aumentare  la  capaciti  del  difco  fijpe^ 
riore  accoflatogli  comunque»  Non  cosl  pero  fe  cotal  difco  i(b-- 
lante  fara  fempjicemente  un  fbttilc  ftrato  chc  copra  un  con- 
duttor^;  mercecche  que{lo  piano  conduttore  che  trovafi  poco 
ibtto^  e  in  cui  pup  moverd  liberatnente  iJt  fuoco,  fanL  eflb  il 
giuoco  di  compenfare  Telettricitd  diel  difca  fuperiore  ;  e  lo  ftrato 
ifolante  interpofto  duninuiri  fbltanto  Tazion  mutua  delk  atmos- 
fere  elettriche,  in  ragioue  della  maggior  diftanza  che  pone  tnai 
Tuno  e  V  altro  conduttore^ 

45.  La  ienjione  oilia  azione  elettrica  def  difco,  la  quale^  come 
abiam  veduto  (38;  42,)  va  diminuendofi  a  mifura  ch^  egli  (i 
affaccia  piu  davvicino^  ad  un  piano  defbrente  non,  ifblato^.  e  por^ 

tata 
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tafta  a  un  tale  decadiiuento  quando  fi  arriva  quafi  al  contatto,  il 
compenfo  od  equilibrio  accidentale  efleildo  allora  quafi  perfetto,  chd 
tiove  relettrometro  era  tefo  a  60,  80,  100  gradi,  fi  vedra  or 
difcefo  a  i  grado  folo,  ed  anche  meno.  Quindi  fe  il  piano  oi 
difco  inferiore  oppong^'  lolo  ilna  picciola  refiftenza  al  trapaflb 
tlell'  elettricit^,  o  per  Tinterpofizione  d'un  Ibttile  ftrato  coibentd, 
o  per  la  natura  fua  propria  cTimperfetto  cohduttore,  qnal  ^  il 
mariiio  afciuttb,  il  legno  fecco,  &c.  tale  prcciolarefiftenza  con- 
giunta  a  quella  delk  diftanza  comuiique  piccioliflima  non  potrJi 
eflere  luperata  da^  tale  debolifflma  terijione  del  difco  elettrico ;' 
il  quale  percio  uon  ifcagliera  fciiitilla  al  piano  (falvo  che  forfe 
dagP  orli  non  ben  ritondati,  e  nel  caib  che  p6fileda  una  grait* 
copia  di  clettricita)  ;  aiizi  conferveri  tutta  o  qtiafi-  tutta  la  fua^' 
elettricita,  dlmodoche  rlalzanddlo,  il  fuo  efettrometrd  afcendera 
<juafi  al  grado  dji  prima,  Plu :  potra  U  difco  fenza  gran,  detri^ 
naento  della  fua  ekttriciti  gkignere  fino  al  contatto  del  piano 
imperfetto  conduttore,  e  reftafvi  qualche  tempo  applicato :  nel 
qnrie  contatto  la  tenjiont  clettrica  trovandofi  prefToch^  ridotta  a 
nulla  non  ha  forza  di  pafTare  dal  diico  al  piano  che  combacia  fe 
fion  lentifi[imam€nte. 

46.  Non  andra  pero  co^  la  bifbgna,  fe  ripetendo  Tefperienza 
s*inclini  il  difco,  «  fi  porti  a  Itoccare  il  medcfittio  piano  in  cofta : 
allora  fuffiftendo  in  quello  magglor  tenfione  di  clettricita  (come  ci 
moftrer^  il  fedek  elettrometro),  giacchenon  vien  bilanciata  che 
corrifpondentemente  ai  punti  di  fuperficie  deir  uno  che  guardano 
dawicino  la  fuperficie  dell*  altro,  cotalazione  clettrica  meno  inde* 
tx>lita  vincer^  la  piccola  refiftenza  del  marmo,  0  di  qualfiafia  altro 
imperfetto  conduttore,  e  fino  di  un  fottlle  ftrato  coibente  che 
trovifi  interpoftoy  coficch^  Telettriciti  trasfonderafli  realmentc,  e 
o  s'affiggerd  a  cotefto  ftrato  coibente  che  copre  il  conduttore,  o 

M  m  a  paflera 


wj^ljar.o.q wfj ipul^a^a  jtemgo  ^i^i^  J}«jg9,  o<}ii^a(^il  ;S<int^«o 


r  4v7<  QueUp  chp  fembra.4n.chpf>iU:P3»:?j^oW»--^.'aUneao..  che. 


Ifrnplicetrxnte^  (iome  u^.cDnduttoM  noa  ablato-^che   noo  .oppooe  wfifteBZ^/iU 
jpaflagip  del  fliiido  cicttnca.^  .Sc  il  nacdenmo  QQiuIuttorc  prefeata  al  corpoelettnco 


Adunque  in  luogo  dt  dimandare  perche  una  punta  traggSitr^gettr  fr  dd:^lctigT  Prfet* 
tfiAitft^i  dbvrel>be<t  dt)«iiamtki^re;{>iMftiJi!h>.{3Cfch4  tOJiJp&lla  o  u^lSfilUo^eg^alib^tc 

pftllj^  O^.^^qucito  :pianQ^  PPW^nQR  i  yA»'virt^u.Brojpm.d.eUa:p4!!?ta  cfatrwett^  qdc 
e  t^nta  ditferegiza ;  ma  bene  Ip  ilato ,  del  Corpo  elettrtca  e  della  4iu  atmogfera 
(coil  cuiii'itcndo  anclie*I*ana  clieTd  cir<s6n^i^  attiMta  ad  uni  tenflone  di  crcttrfcitJ 
oWifc^i^Sl^qnatdecailc  dkA\i'*(vLri  (onH'jeitJiotee  ti  pr oporzTdnc  che  s'immergono  in' 
detibf!&if)'atiiiosffera^.£LailjaDcaaiiDlaJQrpi&:puj2ti.di'i^^  xoudutci^ic  boh .ifektoi; 
;V^cydirt;pcr^anH?>r^5rw.  iktirka^ ;h  c^\  , forprcndfentc  .  chc,  non:;^fi6|ra jtfwa 

il  conduttore,,  che  lupera^  agcyolmen)e.  q^iando  ooq  prefpntandog  ifi  alia  xn^dcfifana 

dr^ah^vlW\lifa  piii\iiL'{Jii\\4  HzUj^one'dvtfto  corpD ' clcttrfca e^Sifi'al^U'iifeAlta^^ 
diini#rifettPfaafl«Jyb,-fi^H^  cr:::oo  £  ^033^**^  c 

v'Jf}/q  ::  r:;  M  dell*" 


f3%ffls5€»%fe'F<J'?.^J<5i>'"6:-*.  (4g»^  diri»m  ofi^Ke  Ha  aimkrat 
tneutB  J  .ma  la  foik  tk)i\  ^  c^s^i  "^  ce.^  idimoftfiina  qiiefe  jftefl^ 
p^r/^^iji^lpgjlVi^V^^^  ^la,  dv^fih  not.  ved^po  chefrtrar- 

aU'c:  ajtjp J^^ettcicit?  ij^^jiu  iftwto.*  8»;ptir^  CQsl  dl  queir  efet-^ 
trici|^ix:^c  difpiega^ii^v^^^  elet-^ 

iiiKSIF L^L ^^fi  <JtJ€lfe.qualurlCJ«.e^p^<^^  chfi-pttre? 

^P9B  Jko^}^S9  isl^^^^^^  d^i^i^lfwfe;  f»l:fuo:  piaiio,.Ja  ippg&ia 

aflEattp/^ij^^/^,  -iiCHir  pejfo  ^^//tf^  -efli^nda  tidptta  fupponianabi  ca,^ 
-,;^,dj^gi(adot:  i.Mar^  ^Ueyaa^c^.- it^  djfco  ii»i;altoih;iiia  rii^aotfi': 

cjje^rax4v.4^W^^b%lf^^^      /:  fyMn^ih^-^  Jal  pUato  di  dare  unai 

,  1^8.3  Fin  <<jjiij  cqn^4€(Fatp  abWafino^-COiaici'aino  atmosfere- 

elettriche  debba  modificare  relettricit^'dclclkfcdnelle  fue  varie 
{itiuc4oi)i^^  allQjM^^gU  e  {^at.a  iji^v^  prima  dicaccoflairlo  al  piano 
<W§2TOTt%  Qr%  :y qdiapap  chti :»l«fialcdel)baallorclie !gli  ^'iiifonde ^ 
A^^j^'^^  iB^giie»|S?^ifi»toarileftO'piaiioi  Quaiido- 

llc^^B^:|di:b4iPfi:U§ip/P'X^  egllha  molta 

Jl.K'i.i'.J  magglore 
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maggiorc  capacitd^  e  fbn  vcnuto  provandolo  fin  qui,  ho  detto  c 
provato  tutto :  le  applicazioiii  fono  facili  a  farfi.  Giovera  non 
pcrtanto  efcmpUficare  un  efperienza.  Mi  fi  dia  una  boccia  dl 
l^f ydcn,  o  un  ampio  conduttore  elettrizzati  a  i  fol  grado  xli 
tenjione,  od  anchc  meno.  Se  io  fard  toccare  Tuna  o  Takro  al 
mib  difco  pofato,  e  chiarochc  gli  comunicheranno  della  lorodet- 
tricita  a  raifura  della  fua  capacitdy  tanto  cioe  cjuant*  egli  puo 
riceverne  per  comporfi  cpn  effi  ad  una  ttnfione  oflta  forza  clet- 
trica  eguak^  fupponiamd  di  |  grado.  Ma  la  fua  capacitd  or  ch* 
egli  e  non  folamente  conjugato  ma  combaciante  il  conduttore 
compagno,  ^  loo  e  piii  volte  maggiorc  (46.)  di  quando  ii  trova 
i{ohtQ  fo//tariament€j  oflia  vi  vuole  per  produrvi  k.data  teniione 
100  volte  maggior  dofe  di  etettricita  {33*)^  quindi  appuiito  ne 
avra  prefo  100  volte  piu,  che  non  avrebbe  ^tuto  prcndemc 
ilando  ifolato  in  aria.  Quando  dunque  ii  leverk  in  alto  a  mHura 
che  allontanandoii  dal  caro  piano  fi  ridurrk  alk  naturale  fua  an- 
gufta  capaciid^  la  Hnjiont  elettrica  difpiegherafR  magg^ore^  e 
maggior  fempre  fino  al  terming  di  50  gradi  (nel  fbppoAo  cafo 
che  la  tenfione  fofle  di  |  grado  ftando  il  dtfco  pofato),  quando 
cioe  la  fua  atmosfera  non  facendofi  piu  fentire  al  detto  piano, 
fara  cefiata  ogni  maniera  di  compenfo^  e  tolto  quell'  equiKirlo 
accidentaUj  che  teneva  la  teniione  cosi  baffa  (39.  42.).  £  inu« 
tile  il  dire,  che  calando  di  nuovo  il  difco  verfo  il  piano,  fi  ab^ 
battera  di  nuovo  Telettrometro,  a  mifura  che  ["equilibrio  acci^ 
dentale  fi  andra  riftabilendo ;  giacche  quefto  e  il  primo  feno* 
meno  che  contemplato  abbiamo  (38.),  e  che  ne  ha  condotti  alia 
fpiegazione  di  tutto  il  rcfto. 

49.  Soggiugnerdquefto  per  ultimo  fchiarimento.  Succedeal 
difco  clie  pafik  dallo  ftato  d*ifolamento  folitarioa  quelle  di  adacci- 
arfifin  anche  a  combaciare  un  piano  convenientementepreparato, 
o  da  queflo  all'  altro  ftato,  lo  AeQbcb^  fuccede  ad  iin- conduttore 

comprefb 
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comprefo  fotto  angufta  fuperficie,  che  fi  difpieghi  in  tina  aflaJ 
piu  ampla,  e  vice  verfa  (richiamiamo  refempio  della  catena 
ammucchiata  e  pen  diftefa,  o  dci  cUindri  ch*  entrano  un  neir 
altro  (^^S*)*  Elettrizzato  a  un  alta  grado  il  conduttore  quand*^ 
e  avvolto  e  impicciolito,  fe  dopo  viene  a  diftenderfi  od  allungarfi, 
decade,  in  lui  la  tenfione  a  mifura  che  rdettricita,  compartendofi 
a  una  piu  grande  capacita^  vien  diradata*  AH'  incontro  eletriz- 
zato  debolmente  quando  e  diftefb  e  gode  della  fua  maggiorer 
capacity,  fc  dopo  fi  awdge  e  rappicciolifce,  va  egli  acquiftando 
viemmagior  tenfione  a  mifura  che  Telettricitd  fi  raccoglie  e  viene 
Gondenfata  in  una  capacity  minore.  Cosi  appunto  il  noftra 
dlfco  £e  venga  elettruzato  quand'  ijolitario  a  una  forte  tenfione 
quefla  anderd  fcemando  ^  mifura  ch*"  egli  fi  affacia  ad  un  altra 
piano  non  ifolato ;  air  incontro  elettrizzato  deboliflimamente 
quando  h  proffimo  a  queilo  piano  o  lo  combacia,  vedraili  crefcere 
ifi  lui  infignemente  la  tenfione  a  mifura  che  fi  allontana  da  quel 
piano.  Si  puo  dunque  dire  che  Telettricit^  viene  qui  pure  in 
ceito  modo  condenfiita^  noii  altrimenti  che  nell*  addotto  efempio- 
del  conduttore  che  s*impiccIolifce  :  e  quindi  il  nome  di  conden- 
Jatore  che  ho  dato  al  mio  apparecchio.  Certo  fe  non  puo  dirfi 
nel  nofiro  cafo  condtnfata  Telettriciti  in  minore  fpazio,  giacchd 
e  mafia  e  volume  rimang<»io  i  medefimi  nel  difco  che  adope- 
riamo,  ella  h  perd  confinata  in  tal  corpo  di  cui  fa  capacitd  di 
grandifiima  che  era  e  divenuta  come  che  fia  picciolifllma. 

50,  Ora  fe  una  debole  infenfibile  forza  elettrica  di  una  boc- 
cetta  diLeyden  o  di  un  conduttore  appena  un  poco  carichi  ap- 
plicata  al  difco  giacente  puo  accumularvi  tanto  di  elettricitd, 
onde  poi  levato  in  alto  difpieghi  una  fbrte  tenfione,  vibri  vivace 
fcintiUay  &c.  che  fark  una  carica  forte  della  boccia  0  del  con- 
duttore applicatavi  egualmente  ?    Non  fara  gran  cofa  dippiu^ 

per  la  ragioae  che  tutta  qutU*  elettricita  chT  e  fuperiore  ia  fbrz» 

aiku 


i <Z  D^^  miJi  SV-  >^rC'4er  fet]f}fiiJJitn>  ta '  fiu  "^dehole 

^ItA'^p^ccolii  a-ftflenza  chconpone  la  Aiperficre  del  pian6  (460, 
fi.V  peiTa,  tr:tpiflando  In  eflb  (47.):  Ad  ogni  itiodo"  le  quellti» 
piano  cilcndo  convcnientem'cnte  pireparato  (n.,,ii.  22.), 'tale 
irftftcuza  fia  difcreta,  il  difco  nou  fe  ne' fVjiccherd  lenzaT 
▼ibrare  d*attonio  dfigl*  'orli  tomtindue  ritond^ti  fiocchi  di 
hice,  per. la  ftrabocchevolc  copia'  di  eiettricitk,;  di' * Cuj  fi  fro- 
vefcVcarico  ;  c  a  tanto  non  lara  ncppuf  lieceflhrio  c1ie4atioccetta' 


**Vi.  Da  ttitto  11  fitrtiui  d'etr6'*'s'ilitfeii3e* t^^ 
difco  pofato  puo  prenffei'e  Uiolia' qdfo  di  elettricica  (Ja  una  bc)ccja 
di  Leyden  *,  o  da*  un  ampio'  c^onduttbre, '(^'oiiiec^^^ 
mamente  animati,  non  io  puo  iit  alclih  mddbaa  un  conduttore'- 


poco  capace  fe  come  darebbe  qu6iti  cio  che  non  nar>  a  .ipena 
dfi'elnon  fi  contrnui  dMtra  parte  ad  iiifondere'  a  lui  tpedeumb 

'     •      ■      .  **■♦■.'  .  .r?  J,    *-.',»      rr^  rill' 

#-.-  *  ...  ^  <• 

^.^  Nella  mia  m^mora  &lla  capfaciti  de- leonduttori  fesiDli^;diipq#^if-  gflin* 
clilTitna  capadta  che  ha  una  boccia  di.  l^eycjcn  .cflPiparativaiBi^oj^.^l^fi^^oJi^  ^ 
appunto  perchb  I'elctiricitil^  che  s*ii:;fonde   ad    una   fuperficie ,  truova  fin  gwt 
cbmpenfo   neU*  eicttriciti"    Cbntrstria   ehc  pferKle  la  "fuperficie   oppo^ 
drodu^e-Hi  folita  dim»nu2i6ii«  fK  tenJto9ity4cci'  Vi  f> vcBcfc  Conic  r6^ifelftt^infa''-^' 

ifargentatc.lungo  preflb  ?i  ip9,4>iedi,f  iUqwaJc  05  ^;|^{^^^r^i<^^      i4)phe^49^^: 
fcintille  producono  la  vera  c^/OT/>^/W/r  in  ,uij^|;radp  •?bbafl|.ii^aj.fofte^fc 
«ccenno  come  tutti  i  fenomcni  della  carka  e  ilella  fca^ica  degii  ftrati  iiblaqti,  dell*" 
crettrofaro,  delTe  punte  cc.  pdffoito  dipthdcr^  dall**  ifl^elTa  aiionc  detle  atmbsrere 
cleftrichey  combinara*^  pel- (^'ctweappirfien^  agliftVatt-ffofenfij^iohT^^ 
m^lto  grai)d^  re(i(cQZBc:9))e  jprprit.  l^liQt|ncits^«adj  aSggerft:aya  foperikw.dt^fii : 
egualmcotc.che  a  fortirn^,  e  coo  aueUa  jncoiDpfir4tLiim.eRr&  jm^  gf^dB^e  >  j»up  diffi 
inlupcrabilc  che  la  imped ifge  di  diffonderfi  attraverfandenp-Ja  jppflczifaB    iQfofpqa. 
che' fin  dal  tenipoin  cui  pubblicai  la  delcrizione,  e  le  principali  fpcr.ienze  del  mio. 
cWtrt-ifui^,  che  fu  nc'ri^;^  t'^egg:  la  Sceha^*''  Opufc.  iHtJritffi'clii^  aMoj^'io  ' 
atffca  -fir^rafifro:di  :d^6k-re nutlet.  ld2ih1ti9Wki'ii»^«rJttf^€^siA*el^ 
ii^f  aflone  ticlJc  atmosfere  ckttriche^  t  de^  fenomcni  cht  nc  tUrivano  ncgUJtruti  ifolanti^ 

quella 
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quetla  qualunque  debole  elettricit^,  a  meno  che  la  ibrgente  noa 
Continut  per  qualche  tempo :  U  che  ha  luogo  per  efempio  nel 
conduttore^mosferico  che  bee  Telettriciti  infenfilnle  dell*  am» 
e  iq  quello  maliffimo  ifolato  d*una  macchina  ordinaria,  il  di  cut 
gluoco  vi  mafltiene  lina  fi  debole  Unfiotu  di  el^ttricitay  che  ia 
nhin  modo  appanu  In  ambi  quefli  caii  abbiacoo  oflervato  in- 
fatti  (4«  25.)  che  vl  vuol  del  tempo  prima  che  11  difco  poflk 
raccorre  una  dofe  fufiiciente  di  elettricita, 

52.  Come  un  ampio  conduttore  trafmette  la  maffima  parte 
delia  fua  elettricit^  al  noftro  difco,  il  quale  quantunque  aiiki 
piu  picciolo,  gode  pero  in  grazia  della  fua  vauCaggiofapofizidne, 
in  grazia  di  quell*  equiUbrlo  accident ak  a  cui  fi  compoue  col 
piaiio^  d*una  capacitd  nK)lto  piu  grande  di  quella  che  gli  cdm* 
pete  in  iflato  iblitario ;  e  come  levando  in  f^uito  eflb  difco  in 
alto,  con  che  tolto  ogui  equUiirid  o  compenfikj  vieb  f iftretlo- all^ 
naturale  fua  angufla  capacita,  quella  flefSi  dofe  di  elettricit^ 
prefa  al  gran  conduttore,  e  che  appunto  per  efler  egli  fi  grande 
vi  producea  fi  debole  tet^one^  or  ne  produce  una  tanta  piu 
grande  in  Coteflo  difco;  nell'  iflefia  maniera,  e  per  Tegual 
ragione  Telettricit^  aumenter^  una  feconda  volta  di  tenlione 
facendola  paflare  dal  difco  gia  follevato  ad  un  altro  giac^ente 
ixiolto  piu  piccolo,  da  innalzarfi  quindr  fimilmente. 

II  Sig.  CAVALLO,  a  cui  dietro  le  altre  mie  fperienze,  fug- 
geri  quefl*  artificio,  ha  fatto  tal  picciolo  difco  d*una  lami* 
netta  non  piu  grande  d'uno  fcillino.  E  certo  quefto  feconda 
condenfatore  dell'  elettrlcitd  e  utile  in  molti  ca(i  in  cui 
Telettricita  non  e  fenfibile  ancora  o  dubbia  col  primo  :  com?  ct 
ne  hanno  afBcurato  varie  prove  che  facemmo  infiemc.  Talora 
Tordinario  difco  toccato  dal  corpo^  di  Cui  li  dubitava  fe  avefle  6 
no  un  principio  di  clettricita,  non  movea  ancora  Telcttromttrrf 
fenfibiliffimo  delF  iflefTo  Slg.  cavallo  ;  ma  toccato  con  quel 
difco  Taltro  piccioliuo,  qucflo  facea  divergere  fenfibilmcnte  le 
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palottoHne  dell  elettix)metro.  Eppure.qualche  volta  anche  coti 
quefto  noil  fi  otteneva  nulla,  o  un*  ombra  (blamente  di  elettri- 
citd*  Or  fe  noi  fupponiamo  la  /^»/fo«tf.elettrica  accrcfciuta  a 
looo  volte  tanto  per  Tintervento  del  due  condenfatori,  ilche 
pon  e  troppo,  quanto  mai  debole  efler  dovea  originariamente^ 
nci  torpo  cfanfiinato  ?  Quanto  debole  p.  e.  quella  che  fi  eCGita  in* 
un  nietallo  flrofinandolo  colla  mano  nuda,  giacchd  commnnr^ 
cata  al  prlmo,  e  da  quefto  al  fecondo  picciolo  difco,  e  fiiiah* 
mente  all*  elettrometro,  le  palle  appena  fan  cenno  di  {coftarli  ? 
Ma  bafta  che  facciano  tanto  per  efler  noi  convinti,  che  rdct- 
tricita  non  e  nulla,  e  che  il  metallo  Tha  originariamente  contratta- 
per  lo  ftroppicciamento  della  mano.  Quanto  mai  eravam  Ion- 
tani  da  una  fimile  fcoperta  pochi  anni  addietro  prima  del  noftro* 
eondinfatorey  e  deir  elettrometro  cosi  fenfibile  del  Sig  cavalxo- 
Quanti  gradi  di  elettricita  noi  fcopriamo  adeflb  'al  difbtto  det 
piu  picciola  d'allora  I 


A     P    P    E     N     D    I    G     E.. 

.  HO  dctto  al  §  28.  che  mi  e  riufcito  finalmente  di  ottenere 
fegni  diftintiffimi  di  elettridtii  e  dalla  femplice  evaporazione- 
deir  acqua,  e  da  varie  efTervefcenze  chimiche.  Eflcndo  quefto 
'  vin^  fatto  noil  meno  interefTante  che  nuovo,  ftinio  non  inop- 
portuno  di  far  qui  il  racconto  fedele  delle  fperienze.  Le  prime 
dunque,  come  ivi  accenno,  fono  ftate  fatte  a  Parigi  In  coni- 
pagnia  di  due  fifici  illuminati  e  membri  deir  Ace.  R.  delle  Sci- 
cnze.  Furono  quefti  il  Sig.  lavoisier,  e  il  Sig.  m  la  place. 
Eglino  concepiron  meeo  la  fperenza  di  un  felice  riufcimento 
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quando  ebbi  loro  moftrato  gli  effetti  del  mio  condenfatore^  e  fpie* 
gata  la  ragione  dei  feaotncni :  confequeutemente  il  Sig.  lavoi- 
SJER  ne  ordino  uu  grande  col  piano  di  marmo  bianco.     I  primL. 
tentativi  da  me  fatti  con  quefto  in  connpagnia  del  Sig.  db  la 
PLACE  iuir  evaporazione  deir  acqua  e  dell  etere  non  furono 
coronati  dal  fucceflb ;  ma  il  tempo  era  cnttivo,  la  ftanza  troppo ) 
picciola  e  Ingombrata  di  vapori,  e  Tapparatb  non  troppo  bcxx 
in  ordine.     All  incontro  quelli  die  ripeterono  Tifteflb  Sig.  de  la  - 
PLACE  e  Sig.  LAVOISIER  ad  una  campagna  di  queft'  ultimo-, 
cbbero  buon  riufcimento.     La  qual  cofa  c*lnvogli6  a  ripctefe  e^ 
moltiplicar  le  fperienze,  c  il  lucceffo  fu  completo,  avendo  otte* 
nuto  fegni  chiariffimi  di  elettricita  dall*  evaporazione  dell'  acqua, 
dalla  femplice  combufHone  dei  carboai,  e  dall'  cfFervefcenza 
delle  limature  di  ferro  nell'  acido  vitriolico  diluto.    Cio  avvenne 
il  giorno  13  Aprile  e  la  maniera  di  far  refperienza  fu  quefta:- 
li  ifolo  in  un  aperto  giardino  una  gran  laflra  di  metallo,  alia 
quale  era  attaccato  un  lungo  filo  di  ferro  che  veuiva  a  termiiiare* 
in  contatto  d^llo  fcudo  o  difco  pofato  ful  piano  di  marmo,  c 
quefto  tenevafi  contiuuamente  afciutto  e  caldo  da  alquanti  car- 
boni  fottopofti.     Cio  fatto  pofimo  fu  la  detta  laftra  ilblata  al- 
cuni  fcaldini  ripieni  di  carboni  mezzo  acceli,  e  lafciammo  die 
la  combuftione  ajutata  da  un  gen  til  vento  che  fpirava  andaffii 
rinforzandofi  per  alcuni  minuti ;  allora  rimovendo  lo  fcodo  dal 
contatto  del  filo  metallico  e  quindi  da  quello  dal  marmo  con 
alzarlo  al  coiifueto  modo,  vi  comparvero  i  fegni  afpettati  di  elet- 
tricita,   mentre  accoftato  al  nuovo  elettrometro  del  Sig.   ca-; 
vallo,  fcce  che  s'aprilfero  i  due  fili  coUe  pallbttoline :  e(ami- 
uata  quefta  elettricitk  fi  trovo  eflere  negativa.     Si  ripete  I'e^- 
rienza  ponendo  fulla  laftra  ifolata  invece  dei  fcaldini  quattro^ 
vafi  con  eiitro  limatura  di  ferro  e  acqua,  quindi  verfando  in  tutri » 
quattro  a  un  tempo  abba.ftanza  d'olio .  di  vitriob  per  far  {m^^^t^* 
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ttna  furhrfa  efferveicenza :  qutindo  il  pKi  forte  bollofe  comin* 
ciava  a  cadere,  allora  fu  die  efplorato  k)  fcudo  non  che  niovere 
Lfili  deli'  elettrom«tri>  a  qualche  ^iftauza^  ci  dierfe  una  feiifibile 
fciutilla.  Aiiche  qui  relcttriciti  fi  riconobbe  cftre  negatroa. 
Quanto  furon  vivi  e  diftintL  r  fegni  eletftrici  con  ta!  prova  dell*" 
cffervefceiixa^  aitrettanto  deboll  ed  cquivoci  riufclrono  quefta 
volta  coU*  evaporazione  dtsUT  aequa*  eccUata  or  con  mettere  deile 
cafEbrole  con  entro  acqiua.  a  boUke  feprai  fcatdlni  portati  come 
^ui)  iiinanxt  dalla  kftra  iibtata^  era  eon  verfar  Facqya  in  cotefte 
caflecole  previamente  ben  rl&aldate. 

Pdcbi  giorui  dopo  ripetemmo*  le  ^rienze  iu  una  grande 
ftanza  eflcndendole  alle  altre  efierveicenxe  che  prodUcono  Tarta: 
fifia^  e  IVia  nitroTa,  con^  buoti  fucceflb-:  Tev^poraztone  ibla; 
delF  acqua  produ&  fegnit  debolWIImi  talche  ebbtmo  pena  a  de*- 
tcrmioare  di  quale  fpecte  fo^  relettricit^  ;  an«  di  tre  volte,  due 
Qi  parye  che  f^  pofitma ;.  ma  v-  e  luogo  a  credere,,  ed  io  giu- 
4ioQ  oertraaente,.  che  fia  ftato  un  arrore. 

*  Ancor  paflatl  aleuni  gionu  fi  ritomo^  alte  f|>epreitz€  eflendodr. 
coinpagnia  anche  11  Sig.  le  roy  membro  e(!b  pure  deir  Acca*» 
demia  R. ;  ma  ne  k  combui[):ione,.  ne' l!evaporazione  dieir  acqua: 
xioit  ci  dieder  (egiii  fenfibili  r  di  che  accagiohammo  Tefibr  Taria* 
noudiffima  per  ii  tempo-  piovofb  €he  &ceva.  !l^r  ne  otten- 
ejmno  ootla  geiaerasione  dell*  aria  inframmabile  nel-  momento* 
dseljjt  piu  viva  efferveibenza  r  e  te  Tetettricitd'  non  fu  quefta^ 
vdita  cosl  forte  da  fcintillare^  lo  fu  abbaflanza  perche  ne  diftin- 
ggeflin^P'ChLariiimamente  la  fpecie,  che  era  negatha. 

■  Friisia  dilafeiar  Pasigi  (che  fu^  il  23  Aprile)*  volendo  10 
moftfi^e  quakhe  fperienza  di  queito  genere  ad  uti  amatQre  di 
oiettricitL  e  valenre  mach»nf^a,  il  Sig.  billaum^  una  vt>tta 
xht  im  troval  ntlOao  laboratorio^  preii  una  giara  dv  vetro,  e 
fbfpeiala  a  un  cordoskcioo  di  feta  vi  mid  I  matesiali  per  la  prodb- 
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tSone  deir  aria  infiammalnle :  airea  fetto  entrare  neHa  giara 
Medefima  un  filo  di  ferny  hi  medo  cKc  toccafie  la  fimatura  e  T 
altro  fuo  capo  fporgente  yeiiiile  a  commutiicare  eoll*  ekttro** 
jsietro  ieufibUilffimo  ddi  &g.  qavallo.  Quando  Y^etytfctma 
fii  falita  al  fomimr  e  iei  fpuma  femionPava  h  labbrir  del  valb^ 
Ik  palle,  fcoftandoft,  dieder  iegne  di  elettrictli^ ;  ne  quefta  fu 
cosi  debole,  che  non  poteile  conoic^rfi  eiler  negatha. 

Le  iperienae  cdl*"  evaporazione  deir  acqudt  che  non  aveati 
ttoppe  htnt  corrifpofto  a.  Parigt,  ebbero  molto  oitgKor  (be- 
€eflb  a  Londra,  q^uando-  mi  fuggert'  refpediente  di  getteie  d^r 
acqua  fbpra  r  carboni  accefi  ch*  erana  in  utio  icaldino  if(^ta«> 
Li^effumazione  rapida  che  fuccede  ikmi  manca  mai  d(  elettiits^arc 
\o  fcaldina  negativamente^  W  quale  dd  fegni  abbaAaAza  ienfibill 
tfol  ibk)  elettrometro^  e  col  a>ndeiii&tore^  ie  e  beir  preparato^ 
^rriva  a  produr  (ciiitille.  Si  trovarofio  prefenti  ISi  prima  rcdta* 
a  quefte  iperienze  m  cafa  del  Sig.  bskmst  grand*  jamatore  di^ 
clettrictt^,  H  Sig.  cavallo  e  U  Sig.  kirwan  membrr  della  S. 
R.  e  it  Sig.  WAL&ER  lettore  dr  f»fica.  Ci  fervimmo  per  appa**^ 
recchio  coiidenfatore  ^w\  picci<^  fcuda  d^ekttaroforo,  ^  d*um 
ptattello  dr  leguo,  che  ii  trov6»  al  giufto  pynto  femicoibente^  \)i 
che  e  rafo  quando  il  legpo  non  e  invemiciato. 

Un^  altra  vclta  in  cafa  del  Sg.  cava^bo  riufcl  re^rieiiza^ 
Hbkiido  uii  picciolo  crogiuolo  con  entro^  due  o  tre  carboni  accefi* 
c  quiudi  vcrlimdovi  un  cucchiazo  d*acqua  :  un  filodl  ferroche 
tSoccava  i  carboni,  ed  eftendevafi  fino  airelettromctro,  vi  porto^ 
fL*nfibile  elettricita  e  fempre  negatha. 

'   Quefte  fono  le  fperienze,  che  fitia  ad  ora  ho  avuto  occafione, 

di  fare ;  intorno  alle  quaK-  non  debbe  tralafciar  di  dire>    che* 

febbene  non  aveffinjo  fempre  bif^no-  deirapparecchio  coftdin^ 

fattrrt  (11  quale,  fe  non  e  beniffimo  in  ordine,  a  nulla  fewe,  c 

puo  nuocere  anzidie  giovere)  per  aver  iegnl  noa  dubbi^.  il  fok^ 
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clettrometro  feniibiliflimo  del  Sig.  cavallo  aveiidoci '  baftatt^ 
piu  volte ;  convien  pero  confeflkre  che  fi  fu  quell'  apparecchio 
x:he  ci  mife  fulla  via  di  tali  fperienze,  e  che  col  mezzo  fuo  fok- 
mente  potemmo  otteiiore  fegni  di  una  ojrta  foraa,  e  fin  la  (ciu-, 
tilla  elettfica.  io  non  dubito  che  eflendo  pra,  refe  co^  focilitali 
fperienze,  non  fianbper  eflere  e  ripetutee  promofle.  II  campo 
e  folamente  aperto,  e  mclto  refta  ancpra  a  fare.  Se  i  corpi 
ri^lvei>dofi  in  vapori  o  if] :  un  fluido  elailjca  ii  caricano  di  fuoco 
elettrico  a  fpefe  degr  altri  porpi,  e:gli  elettri^zano  per  coole* 
guehza  negativamente^  venendo  in,  l^u^o  i  vapori  medefimi  a 
condenfarii,  non  cercheranno  edi  di  deporre  quefto  carico^  e 
flon  produrrauno  confeguentemente  fegni  di  dettricitd  pofithoa  f 
Ecco  cio  che  merita  fingplarnaente  d*eflbr^  verificato  coll'  efpe- 
rienza*  lo  ho  gia  immagindto  diverfi  modi  di  tentare  la  cofa, 
che  pn^tero  alia  prova  toAo  che  ne  abbia  il  commodo.  lutantp; 
mi  fia  qui  perraeiTo  di  dar  corfo  per  un  momcnto  alle  idee  che 
volgo  in  mente  intorno  a(r  elettricita  atmosferica. 

JLe  fperienze  fatte  fin  qui,  e  che  abbiamo  riferite,  bench^ 
non  fian  molte,  tutte  pero  concorrono  a  moftrarci  che  i  vapori 
deir  acqua,  e  generalmente  le  parti  d'pgni  corpo,  che  fi  ftac* 
cano  volatilizzandpfi,  portano  via  iecp  una  quantita  di  fluido 
elettrlco  a'  fpefe  dei  corpi  fifli  che  rimangono,  elettrizzandoli 
con  cio  negativamenle^  non  altrimenti  che  ne  portan  via  una 
quantity  di  fuoco  elementare,  con  cio  rafireddandolL  Quindi 
voUi  inferire  che  i  corpi  rifolvendofi  in  vapori,  o  prendendo 
Tabito  aereo,  acquiftino  una  maggiore  capacitd  rifpetto  al  fluido 
elettrico,  giufto  cPme  racquillauo  maggiore  rifpetto  al  fuoco 
comune  o  fluido  calorifico.  Chi  non  fara  colpito  da  cosl  bella 
analogia,  per  cui  Telettricit;!  porta  del  lume  alia  novella  dot* 
trina  del  calore,  .e  ne  riceye  a  vicenda  ?  Parlo  della  dottriiu  dal 
calor  laiente  ojpecjficj}^  cpipp  fi.vuol  chiamare,  di  cui  black  e 
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wirKE  cofle  ftupeiide  loro  Icopertc  ban  gcttato  i  femi,  e  che  e 
ftata  lalttmamente  tat! to  promofla  dal  Dr.  Crawford  dietro  le 

^rienic  del  Dr.  iRWfNEfx  *  -  *^ 

-       •         •  •  .  f 

S^uendo  quefta*arialogia  fiteome  i  vapori  airoith^  (i'condeii^ 
feno  e  ritornano  in  acqu^,  e  t6nfeguent?emente  alia  primicrrf 

•  •  •     •  • 

piu  angufla  capacity,  petdoiio  it  lor  calbre  iatente^  offia  depon- 
gono  il  dippiu  di  fuoco  che  fi;  avevano  apprdpriato  volatizzan- 
dofi  ;  cosi  pure  darai>  fueri  \l  fluido-  elettricO  dii^i^uto  Qra-ridon-^ 
dante.     Ed  ecco-  come  nafce  Felettricita  di  ecceflby  che  domina 
iempre  piu  o  meno  nell*  aria  anche  ferena^  a  queir  altezza  che 
i  vapori  comiiiciano  a  condenfarfi ;  la  quale  d  piu  fenfibile  nelle 
nebbie^  ove  qvielli  li  condenfano  maggiormente,  e  gid  (i  figu- 
rano  in  goccie ;.  e  inHno  fortiflima  laddove  le  folte  nebbie  fi* 
agglomerano  in  nubi.     Fin  qui  Telettriciti  deir  atmosfera  fardi 
iempre  pofitiva^    Ma  fbrmata  che  fia  una  nube  potentementc 
elettrica  in  piu,  ella  avrd  una  sfera  di  attivild  intomo  ad  eiTa,, 
nelia  quale  fe  avviene  pU*  entn.  ua*  altca  nube,  allora  giufla  le 
note  leggi  cfeUe  atmosfeee,  gfan^  parte  del  fluido  elettrico  di 
quefta  feconda  nube  (i  ritirera  verfo  reftremita  piu  lontana  dalla 
prima,  e  potra  anche  fbrtirne  ove  incontri  a  aitra  nube,.  o  vapori, 
0  prominenze  terreftri  che  lo  poffan  ricevere :  ed  ecco  una  nube 
elettrizzata  negativamentej  la  quale  potM  ^  fua  pofta  occalionare 
coir  influfib  della  propria  atmosfera  rdetrricita  pojttiva  in  una 
terza,  &c.  diq^ueftamanieras'intende  beiiiffimo  come  (i  pofl'ano 
avere  fovente  iic  conduttori  atmosferici  fegni  di  elettricitjl  nega^ 
iha  a  celo  pii\  che  coperto ;  e  come  ne'  temporali  fpecialmente,. 
ove  molte  nubi  fi  veggono  peniili  e  ftaccate  vergere  al  baflb,  e 
or  oiideggiare  per  qualche  tempo,  ora  fcorrere  le  une  lotto  le: 
altre,  or  trafportarfi  rapidamente,  Telettricit^  cambj  piu  volte,, 
c  fpeflb  a  un  tratto  da/^/zt'tf  in  negatlva^  e  vice-verli. 


%9      Del  nude  dSt  rtnitt  fenfibtUllinia  la  pai  Jtkoht  &c.  , 

Or  aacbfi  noa  fia  pl^  ftupore  che  le  enujoqi  de  vulcaui, 
fiano  ibte  icnr«atc  accoinpagoate  da  fulmini  in  iipecie.  QuelU 
ftrepitofiifimadelVeruviaxlell*  anno  1779,111011  infinite  faette  fi 
fon  Tcdoto  gmzaare  eatro  ^*  tmmenfi  globi  di  fiunocruttati.  Le 
poche  Ipenenze  hm  mi  han  dato  a  Wfkre  che  la  tjUfUititi  di 
elettricitd  piodatU  dalle  affiimazioni,  dipenda  molto  e  dalla 
copia  det  fumi  che  s*alzano  e  iiDgDlarmcnte  dalla  ra|udit^.  Of 
^uale  e  quanta  noo  dee  «£kn  relettricitd  in  finfili  eruziooi  I 


t  ='■  ] 


XVII.  Exlrall  of  a  RcgiJIir  of  thi  Baromcllr,  Thirmomtter, 
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Barker,  BJiuWe. 


Read  April  11,  1782. 


Vol.  LXXII.  O  0  Tiie 


282  Mr.  BARKER*^  R^gifier  of 

The  ground  was  unufually  dry  the  firft  half  of  January, 
and  want  of  water  in  fome  places.  Inclined  to  froft,  but  not 
fixed ;  one  for  a  week  was  followed  toward  th«.end  of  the  month 
by  a  fmarter  but  (horter  with  a  good  deal  of  fnpw,  and  went  away 
with  rain  and  floods ;  then  (howery,  and  in  Fel^ruary  often 
flormy.  The  month  of  March  was  drier,  generally  fine,  a 
good  feed-time,  and  the  middle  of  the  month  warm  and  grow- 
ing ;  but  cold  N.E.  winces  at  the  eod^  Soon  after  April  came 
in,  the  weather  was  fine  and  growing,  fometimes  (howery,  and 
the  middle  being  very  wsirm  brought  oti-  things  v^ry  much ; 
but  tbcend^of  the  months  and  begi^tining  of  May,  cold  N.E. 
windsj  yet  fbmetiiies  hot  fun.  jAbout  the  middle  of  May  was 
(howery  and  growing;  but  thd  end  of  it, .and  beginning  of 
June,  hot,  dry,  cleaf,  ^nd  *  burning  ..'Junje..5d,.. began.  Jhow.^rs 
and  often  thunder,  which  being  feveral  times  repteated  For  a 

*  fortnight,  and  hot  weather  with  it,  <  made  plenty  of  grafs  in 
this  country  and  fome  others  ;  lijut  where  the  tains  \terermaller, 

'as  they  Were  abtoijir  liondon,  \i\  Sufl^x,  and  other  places,  k 

'  only  ft-elhened  the  grdund  withott  growing  moch..  ^The  begUi- 
ning  of  hay-^iiiie  was  vety  fine,t  a  wet  week  in  the  middle  did 
oot  grQatljjr  hurt  the  hay,  and  ^yas  very  gooji  for  the  turnips, 
then  ndvly  fbwn;  The' latter;  haljf  of  Julj%  and  almoft  all 
Augufl-,  were  :Very  dry,  hot,  ^nd  burning;  tbe  harveft  almoft 
all  very  well-gpt,  except  foiiie  of  the  peafe,  which  were  either 
not  got  in,  or  the  hovels  not  thatched,  when    th^  great  rain 

'  came  September  2*  There  was  a  great  crop  of  wheat,  but  in 
fome  places  it  was  raikjewed  *  tjie  barley  was  univerfally  good  ; 
the  peafe  unceetain»  The  general  prices  were,  \vheat  thirty^ eight 
/hillings,  barley  fixteeii  on  leventeen  (hillings,  oats  eleven  or 
twelve  fhillings,  peafe  and  beans  about  twenty-two  or  twenty- 
three  fliillings  a  quarter. 

5  ^       •  r    The 


tbf  Weather  at  Lyndon.  283 

The  ground  was  now  exceedingly  burnt,  and  great  want  of 
water ;  but  In  the  firft  half  of  September  there  game  fo  much 
rain,  the  ground  already  warm,  and  hot  weather  with  it,  that 
in  a  fortnight's  time  there  was  plenty  of  grafs.  The  autumn 
was  in  general  fine  and  pleafant,  and  the  latter  end  of  Septem- 
ber and  all  Oftober  fcarce  any  rain,  fo  that  at  the  end  of  the 
month  the  grafs  In  fome  places  plainly  began  to  burn,  which 
was  remarkable  fo  late  in  the  year,  and  after  its  being  fo  fruitful 
in  September;  and  ootwithftanding  fome  ftiowery  weather  ia 
theformer  part  of  November,  the  roads  were  rather  dufty  the 
beginning  of  December;  then  dark,  mifty,  raw,  cold  eaft 
winds,  but  milder  again  and  fhowery  till  the  end  of  the  year. 
It  has  been  an  uncommonly  open  feafon,  there  have  been  fome 
frofty  mornings,  and  one  day  or  two  it  fcarce  went  away  in 
the  (hade ;  but  there  has  not  been  one  thorough  frofty  day  yet, 
and  there  has  been  thunder  at  Chriftmas. 
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• 

for  January  1781. 

Timc.i 

Themu 

Therm/ 

BaroiQi 

R«in. 

Wiads,.: 

« ■« 

• 

without 

widiin. 

• 

t 

# 

« 

Weather. 

H.  i 

M. 

■ 

Inches. 

Inch. 

Points. 

Str. 

Jan.    I 

8 

0 

45.0 

47.0 

29,80 

t 

SW 

Cloudy. 

2 

0 

46,0 

47.0 

29^1 

SW 

Cloudy  aad  rain. 

2 

8 

0 

34,5 

43.5 

*9.57 

0,045 

WhfH 

NW 

1       • 

rafr. 

2 

0 

40,0 

4S<o 

29,61 

Fine. 

3 

8 

0 

33.5 

38.0 

29,76 

N  byW 

Fair. 

2 

0 

38.0 

39«o 

29,88 

Nby  W 

Fine. 

4 

8 

0 

28,0 

35.0 

30,01 

< 

NW 

^ 

Fair  and  frofty« 

•                • 

2 

0 

34,0 

36,0 

30.05 

5 

NW 

w J-   ■ 

Cloudy. 

5 

8 

0 

45.0 

3^>o 

30,20 

S3\Y 

# 

Frofty.' 

2 

0 

32>o 

33.0 

30,23; 

-  SW 

Ffofty. 

6 

8 

0 

35.0 

33.5 

30,21 

SSW 

Cloudy. 

■ 

2 

0 

40,0 

36,5 

30,25 

SW 

Cloudy. 

7 

8 

0 

38.5 

37.0 

30,22 

SSW 

Cloudy. 

2 

0 

46,0 

40,5 

30,10 

WbyS 

Fair. 

^-^ 

£ 

8 

<o 

40.5 

4»»5 

30,31 

0,0t42 

NbyE 
ENE 

'*¥► 

Fair. 

2 

0 

42.5 

41.5 

30,39 

« 

•2 

Cloudy. 

9 

8 

0 

32»5 

37.5 

30,54 

4 

NNE 

2 

Fair. 

2 

0 

37.5 

38,5 

30,55 

NE    ■ 

2 

Fine. 

TO 

8 

0 

32.0 

34.0 

30,52 

EbyN 

2 

Cloudy. 

2 

0 

33.S 

35.0 

30,50 

EbyN 

2 

Cloudy. 

II 

8 

0 

32.0 

33.5 

30,38 

EbyN 

S 

Qloudy^ 

2 

0 

3».o 

33.5 

30,3* 

NE 

3 

Cloedy. 

12 

8 

0 

31.5 

32*0 

30,26 

ESE 

Foggy. 

2 

0 

35.0 

35»o 

30,24 

Sli 

Cloudy. 

13 

8 

0 

33.0 

34,0 

30," 

ENE 

Foggy. 

■ 

2 

0 

35.0 

35.0 

30,16. 

NE 

Cloudy. 

14 

8 

0 

29,0 

32.0 

30,04 

i 

EbvN 

• 

Foggy. 

2 

0 

34,0 

35.0 

29,98 

i 

ENE 

Cloudy. 

^5 

8 

0 

30,5 

33.5 

29.92 

ENE 

Foggy. 

2 

0 

36.0 

35.0 

29,89 

NE 

Y 

Fine. 

i6 

8 

0 

3'.o 

33.5 

29,89 

ENE 

Foggy. 

2 

0 

33.5 

53.5 

I  29,8  }i 

NE 

*  — 

Cloud v. 
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for  January  1781. 


Time. 

Therm. 

Theran. 

Barom. 

Tlain. 

Winds. 

» 

without 

within. 

« 

Weather. 

H.M. 

p 

Inches. 

iDcb. 

Points. 

Str. 

Jan.  17 

8     0 

32»S 

33.0 

29,82 

1 

ENE 

Foggy. 

2      0 

38.0 

3S.O 

29,76 

NE   . 

Rainy. 

t8 

g     0 

40,0  • 

37.0 

*9»S7 

0,1.90 

EbyN 

Rainy. 

2      0 

4S>o 

39.0 

29,56 

NE 

Cloudy* 

»9 

8    0 

37>5 

40,0 

29,78 

0,221 

NNE 

Fine. 

2   .0 

41,0 

4».5 

29,86 

NNE 

Fine. 

•     20 

8    0 

34.0 

38,0 

30fiS 

SE    < 

Foggy^ 

2      0 

41,0 

40,0 

*9.99 

• 

SE 

Fine, 

21 

8    .0 

44,0. 

40jO 

^9.45 

SW 

V 

Foggy. 

2  .  6 

4i,S- 

42.5 

29»44 

NNE 

Rainy.. 

22 

8    0 

^a,o 

38,0 

29,65 

0,073 

SE 

Fair. 

2    0 

33'0 

38,0 

29,66 

• 

SE 

Fine* 

23 

8    0 

26,0 

3«.o 

29.39 

ENE 

Foggy. 

2  .   0 

3a»o 

34,0 

29.37 

V 

SE 

I' 

Qoudy  with  fhovir.  ' 

24 

8    0 

3^.5 

34.0 

29,  J  ^ 

1 

SW 

% 

Rainy. 

2    0 

.41,0- 

.37>o 

29,04 

• 

SW 

f 

Rainy. 

25 

8    0 

3'»S' 

33.0 

•29.32 

NW 

- 

Fair. 

2      0 

35>o 

36>o 

29.52 

NW 

Fine* 

26 

8    0 

35»o 

34.0 

29,09 

0,485 

SSE 

Rainy. 

2-  0 

• 

37>o 

38,0 

29,23 

SE 

Cloudy. 

27 

8     0 

26,5. 

3^.5 

30fiS 

« 

WSW 

Fine. 

2     0 

36>o 

37.0 

30.13 

4 

SW 

Fine. 

28 

8     0 

46,5 

37>o 

29»93 

0,06^ 

SVV 

2 

Cloudy.. 

2    0 

51.5 

42,0 

29.94 

ssw 

2 

Cloudy. 

29 

8     a 

4ft,5 

43.0 

29,89 

ssw 

2 

Cloudy*. 

2     0 

50.5 

46,0 

29,89 

SW 

2 

Cloudy. 

30 

8    0 

47.0 

47.5 

29.75 

0,229 

SW 

2 

Cloudy. 

2    0 

48,0 

49,0 

29.81 

SW 

5 

Showery. 

31 

8     0    35,5 

43. 5 

30,22 

» 

WNW 

I 

Fine. 

2     0    450 

44,0 

30.22 

r 

SW 

I    Fioc. 
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I 

for.  February  .1781. 


Ti 


ime. 


H.M. 


Feb.   I 


5 
6 

7 
8 


10 
II 
12 

16 


8 

8 

2 

8 

^ 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

8 

2 

» 

2 

8 

2 

8 

2 

8 

2 

8 

2 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


Therm, 
without 


42,0 

4-OfS 
46,0 

4i»S 

43»<^ 

43>o 
48,0 

44iS 
50,0 

46,5 

48,5 
40,0 

47»S 

40,0 

52,5 
48,0 

50>o 

4a,5 

5i»o 
47>o 

44,0 

47>o 

39>5 

44,5 

35>o 

43  5 
33iO 

44tO 


Therm, 
within. 


43^ 
4<>iO 

43*0 

46,0 
44,0 
46^0 
46,0 
47  »o 
44,0 
49,0 

49iO 
511O 

46,5 

43>o 

48,5 

50,5 
45,0 

50>o 
49,0 

50,0 
47>o 

50>5 

49  »o 
46,0 

450 
47>5 

450 
44.0 
41,0 

44,0 

37^0 
42,0 


Barom. 


Inche?. 


Riin. 


Inch. 


30,01 
3019 
30,12 

30.33 
30.34 
30»34 
30*05 
29,78 

^9f1S 
29.88 

29,96 

30,03 

29.73 
i9.5» 

29.59 
29,82 

29.83 

29,88 

29,74 

29.58 

.2959 

28,95 
29.96 

29,36 

29i39 

2959 
29.52 

29,98 

30,05 
30,09 
30,02 


0,110 


0^120 


Winds. 


.0,233 


0,08  X 

0,430 


150 


Points. 


SSW 

NW 

SW 

NW 

SSW 

SW 

SW 

SW 

SW 

SW 

SW 

SW 

wsw 

SW 
SSE 
SW 
SW 
SW 
SSW 
SW 
SW 
SW 
SW 
SW 
SW 
NW 
WSW 
NW 
NW 
SW 
WSW 
NW 


Str. 


2 
2 
2 

I 
I 

3 

3 
2 

2 
3 

X 

2 
2 
1 
2 
1 
1 
I 

X 


Weather, 


Rainy* 

Fine. 

Foggy/ 

Rainy. 

Cloudy* 

Cloudy. 

Cloudy, 

Fine. 

Fine. . 

Cloudy. 

Cloudy. 

Fine. 

Fine. 

Qottdy, 

Rainy. 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy* 

Fine. 

Fine. 

Qoudy. 

Cloudy. 

Cloudy. 

rjne. 

Cloudy. 

Fine. 

Fine. 

Fine.   ' 

Fine. 

Fine. 
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! 

for  February  17*1. 

1 

• 

Time. 

Therm, 
without 

Therm, 
within. 

Barom. 

Rain. 

Windj. 

Weather. 

H.M. 

Inches. 

Inch. 

Pointt. 

Str. 

Feb. I 7 
18 

»9 

20 
21 
22 
23 

a4 

25 
26 

s 

«7 
28 

8   .0 

2   a 

8    0 
2    b 
8    0 
2    0 
8    0 
2    0 
8    0 
2    0 
8    0 
2    0 
8    p 
2    d 
8    b 
2    0 
8    0 
2    0 
8    0 
2    0 
8    c 

* 

2      0 

8    0 

2      0 

3<.5 
4a.o 

3«»o 
43.5 
37.0 
43.5 
37.0 

4«.5 
.34.0 
.35.5 

33.0 

.4«.5 

37.5 

43.5 

4P.5 
.4^.0 

43.0 
44,0 

37.0 
41.5 
39.0 
45>o 

37'5 
45.0 

37.5 
44.0 

36.0 

40.5 

39.0 

4a.5 
39.0 

38,0 

39.5 
36,0 

39.0 
37.0 
41,0 
42,0 
44.0 
45.0 

46,5 
41,0 

43.0 
41,0 

47.0 
4».o 
46,0 

30,12 

30.07 

30.09 
30,03 

a9,79 
29,81 

30,22 

30,16 
30.09 
30,12 

30,14 
30,03 

29.89 
29,71 

29,71 

29. » 7 
29,10 

29,08 

29,08 

29,26 

29,88 

29.79 
29.97 

0,073 

o,t3> 
0,150 

0,072 
0,126 

NW 

NW 

Nby  W 

SW 

NW 

NW 

SW 

NE 

NN£ 

N£ 

NNE 

NNE 

NW 

NW 

SW 

SW 

NW 

NW 

SW 

SW 

SW 

NW 

NW 

NW 

Fine. 

Fine. 

Fair. 

Qoodjr. 

Fine. 

Cloudy. 

Cloudy. 

Fine. 

Cloudy. 

lUiny. 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy. 

Rainy. 

Fine. 

Fine. 

Cbudy. 

Fine. 

Cloudy. 

Cloudy. 

Fine.               , 

Fine. 

f 
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for  March  1781. 

Time. 

Thermi 
without 

Therm.  Barom. 
within. 

Rain. 

Winds. 

Weather, 

• 

H.M. 

Inches. 

Inch. 

Points. 

Str. 

Mar.   I 

7    0 

3S.O 

4NS 

30,19 

sw 

Fine. 

2    0 

47>o 

43'S 

30,06 

sw 

Rainy. 

2 

7    0 

41,0 

43.0 

30,26 

0,120 

WSW 

Cloudy. 

a    0 

50.S 

47>o 

30,26 

NW 

Fine. 

3 

7    0 

48,0 

49>o 

30.26 

SW    1 

Cloudy. 

2    0 

SS'O 

Si.o 

30,26 

WSW 

Cloudjr. 

4 

7    0 

47>o 

5».o 

30,18 

sw 

>          I 

Cloudy. 

2    0 

SO.S 

51,5 

30,10 

sw 

J 

Cloudy. 

5 

7    0 

4S.S 

ShS 

30, « 4 

sw 

Cloudy. 

2    0 

5ijO 

S1.5 

30,22 

NE 

Cloudy,- 

6 

7    0 

37.0 

47>o 

30>36 

0,002 

SW 

Fine. 

2    0 

5«.S 

5'.o 

30,33 

sw 

Fine. 

7 

7    0 

3S.S 

4S,S 

30>«5 

sw 

Cloudy. 

2    0 

S».o 

49.0 

30,19 

WSW 

Fine. 

8 

7    0 

37,5 

40,0 

30,11 

SSW 

1 

Rainy. 

a    0 

48,0 

47.S 

30.19 

SSW 

Cloudy.    • 

9 

7    0 

43.0 

48,5 

30,22 

0,170 

SW 

Fine. 

2    0 

SS.o 

50,5  - 

30,17 

SSW 

Fine. 

lO 

7    0 

44tS 

49.5 

30,17 

,. 

WSW 

Fine. 

2    0 

S5.0 

5a>o 

30,17 

NW 

Cloudy;. 

II 

7    0 

38,5 

48,5 

30,19 

NNE 

Fine. 

2    0 

51.5 

50,0 

.  30,21 

N^fE 

Fine. 

la 

7    0 

32.0 

42,0 

30,27 

SE 

Cloudy. 

2     0 

42,0 

46,0 

30,28 

NW 

w 

Cloudy. 

»3 

7    0 

41,0 

44,5 

30,32 

NE 

Fine. 

2    0 

49.5 

48,0 

30,31 

— 

SE 

\ 

Fint. 

«4 

7    0 

3'-^S 

38,5 

30,33 

NE 

Cloudy. 

, 

2    0 

45-5  • 

44,0 

30.33 

ESE 

Fine. 

»S 

7    0 

33-5 

37,0 

30,44 

•NE 

I    Fine. 

2      0 

48,5 

47,0 

30,46 

ENE 

I   .Fine. 

i6 

7    0 

36.0 

37,5 

30,39 

ENE 

I  ]Cloudy. 

1 

2    0 

46,5 

40.0        ^v->.  ^^4  1 

ENE 

I  iFine.                        , 
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£>r  March  1781. 

Time. 

Therm, 
without 

Thenn> 
within. 

Barom. 

Rain. 

Winds. 

% 

Weather. 

H.M. 

Inches. 

Inch. 

Points. 

Str. 

Mur.17 

7    0 

39.0 

38,5 

30,22 

ESE 

Cloudy. 

2     0 

50,5 

48,0 

30,16 

ENE 

'inc. 

18 

7    0 

33fO 

41.5 

30.09 

SSE 

froggy. 

2     0 

57,0 

47,0 

30,06 

WSW 

y 

i'  inc. 

«9 

7    0 

39>o 

46,5 

30,14 

NW 

Fine. 

2     0 

S5.0 

49.0 

30,14 

WSW 

1^  inc. 

20 

7    0 

4>»S 
60,6 

44.5 

30,22 

^ 

NNW 

;;oggy. 

2      0 

51.0 

30,22 

NW 

Fine. 

21 

7    0 

45.0 

50,0 

30,18 

WbyS 

i*  inc. 

2     0 

57.5 

5.^.o 

30,16 

WSW 

Fine. 

22 

7    to 

4».5 

46,5 

30.19 

WSW 

Fine. 

2      0 

• 

58,0 

53.5 

30,18 

sw 

Fine. 

23 

7    0 

41.5 

46,5 

30,38 

SE 

Fine. 

2    0 

5»>o 

50,5 

30,35 

ENE 

^lne. 

24 

7    0 

36,0 

42,0 

30,47 

NW 

Foggy. 

2    0 

56,0 

49,0 

30,47 

SE 

■    1  • 

rinc. 

25 

7    0 

38.0 

46,0 

30,46 

NE 

Pine. 

2    0 

00,5 

51.0 

30,29 

SW 

Fine. 

26 

7    0 

39.0 

43.0 

29,91 

WSW 

Fine. 

2    0 

47.0 

50,5 

30,01 

% 

NE 

Rainy. 

27 

7    0 

48,5 

43'5 

30,02 

NW 

Fine. 

2     0 

49,0 

44.0 

29,88 

NW 

2 

Fine 

28 

7    0 

34.0 

39.0 

NE 

I'inc. 

2    6 

48,0 

45.0 

29,89 

NE 

2 

Fine. 

29 

7    0 

34.0 

37.0 

29,92 

NE 

^  ^  w  « 

2 

Cloudy. 

2    0 

43.0 

42,0 

29,91 

NE 

2 

Fine. 

30 

7    0 

35.5 

37.5 

29,91 

NE 

2 

Fine. 

2    0 

47.0 

42,0 

29,91 

NE 

2 

Fine. 

3» 

7    0 

35.5 

35.0 

30.09 

ENE 

I 

Foggy. 

2    0   3+,o   1 

4?.^      30,09 1 

NE 

2 

Cloudy. 

p  p  2 


METii> 


t    ap*  .] 


MET^QROLOOICAL     JOURNAL 

for  April  178 1. 


] 


liftlMt 


H.M. 


{Apr,    I 


5 

6 

7 
8 


10 


II 


12 


13 


16 


■7 
2 

7 

2 

7 
2 

7 
2 

7 
2 

7 
2 

7 

2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


without 


37^5 

37.0 
37.0 
53.5 

37,51 
53.5 

38,0 
43*5; 
40,0 
51,0 

4S.O 

S0.5 

46,0 
■51,0 
48,0 
50,0 

S3>o 

50.0 

S4.0 

62,5 
49,0 

57.0 

49>° 

61,5 

39»5 

54,0 

40.0 

58,0 

46,0 

62,0 

46,0 

53,0 


4"  ncrwii 
within. 


^roH). 


38.0 

43.0 
42,0 

47iO 

44.5 
52.0 
43,0 

44,0 

43,5 
48,0 

48,5 

49,5 

49,0 

51,5 

50,5 
65,0 

54,0 
60,0 

57»5 
60,0 

51,5 
56,0 

54,5 
58,0 
51,0 

53,5 
45,0 

52,5 
47,0 
66,5 
49,0 
58,5 


Inches.  Inch. 


I 
I 


^9i 

291 

a9»74 

^9>83 
29,98 

a9>94 
29,76 

29>63 
a9»34 

29f29 

29>37 

a9>38 

29.57 

29.51 

29,53 
29,68 

29,72 

29,8a 

29f74 
29,76 

29.73 
29,66 

29,52 

29,64 

29,96 

29.99 
29,91 

29.79 

29>79 
29,81 

29,88 

29,86 , 


Ratn.  f     Wimbw 


f 


Points. 


0,140 


0,150 


0«200 


0.^95 


ESE 

EbyS 

SW 

ENE 

NE 

SE 
NE 
NE 

6E 

6E 
SW 
SW 
SW 

SE 
SW 

aw 
3w 

NW 

SW 
SW 
SE 
SE 

NW 
NW 

ssw 

SW 

wsw 

SW 
SW 
SW 
SW 

ssw  I 


Str; 


a 
a 

a 

2 
I 
2 


Weather, 


Fine. 

Fine. 

Fine. 

Fine. 

Fine* 

Fine. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Clpudy. 

Fine. 

Fine. 

Rainy. 

Cloudy, 

Fine. 

Rainy. 

Fine. 

Rainy. 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 


MSTE- 


r  5»9^  3 


JttX^rBORQLOGlC  AL     JOURNAL 

for  j^ril  iy%.t. 

Time. 

Thenn. 

Thera. 

fiaDoa. 

Rain. 

Win*. '    f                             1 

without 

within. 

Wotth^r. 

H.M. 

Inches. 

Inch. 

Points. 

■ 

Str. 

Apr.  17 

7    0 

49,0 

53.5 

29,91 

sw 

Fine,    • 

2    0 

66,5 

61,0 

29.9* 

SSE 

Fine. 

18 

7    0 

48,0 

53.0 

*9»94 

ENE 

Fine. 

• 

2    0 

65,0 

62,5 

29,91 

ESE 

Fine. 

»9 

7    0 

55.5 

57.5 

*9»93 

SSW 

Fine. 

2    0 

65.0 

62,5 

29,99 

WSW 

Fine. 

20 

7    0 

51.0 

67,0 

30,02' 

0,065 

SSE 

Cloudy* 

2    0 

64,0 

64,0 

30,09 

w 

Fine. 

21 

7    0 

55.0 

5^.0 

30,18 

1 

SSW 

Rainy. 

2    0  64,0 

63,0 

30,16 

sw 

Cloudy^ 

22 

7    0 

55.5 

58,0 

301,09 

SSW 

Fine. 

2    0 

66,0 

64,0 

3«%05 

sw 

Fine. 

23 

7    0 

48,0 

5*.o 

30t07 

sw 

Fine. 

2    0 

57.0 

57.0 

30^03 

NW 

Cloudy.. 

24 

7    0 

45.0 

47.0 

30*16 

NNE 

Clondy. 

2    0 

5»,o 

55.0 

30,22 

NE 

2 

Cloudy* 

25 

7    0 

44.5 

50.0 

30,24 

,  NW 

Fine. 

2    0 

46,5 

49,0 

30*34 

NW 

Fine. 

26 

7    0 

43.0 

47.0 

30»32 

NW 

Fine* 

2    0 

53.0 

53.0 
48.5 

30,32 

» 

NW 

2 

Cloudy* 

a? 

7    0 

47.5 

30,28 

• 

NNE 

* 

Fine. 

2    0 

51.0 

50.5 

30,2  a 

Nby  W 

Finc^ 

28 

7    0 

42,0 

4i.o 

30,09 

NbyE 

Fine. 

2    0 

57.0 

54,5 

29,96 

NbyE 
i  NNE 

Fine. 

29 

7    0 

47.0 

45,5 

29,91 

' 

Fine. 

2    0 

59.0 

55,5 

29,89 

^NNE 

Fine. 

30 

7    0 

44,0 

46,5 

29,92 

.    NE 

Cloudy. 

2     Q 

61.5 

57,0 

29,87 

^  NNE 

Cloudy. 

METE:- 


C    «94    1 


METEOROLOGICAL     JOURNAL 

for  May  1781. 

Time. 

Therm, 
withoat 

Tbenn. 
within. 

Barom. 

Rain. 

Wind*.   , 

Weather. 

H.M. 

Inches. 

Inch. 

Points. 

Str. 

May   I 

7    o 

48,0 

52.5 

29,96 

NNW 

Cloadjr. 

2     O 

.61,0 

68,5 

29,96 

NE 

Fine. 

2 

7    o 

46,0 

49^5 

30*05 

SE 

• 

Fine. 

2     O 

62,0 

59.0 

30,05 

SE 

Fine. 

3 

7    o 

48,5 

49.0 

30,01 

4 

SE 

Fine. 

2     O 

54.5 

55»o 

29,98 

ES£ 

Rainy. 

4 

7    P 

46,5 

50.0 

89.93 

0.059 

NE 

Cloudy. 

a    o 

S3.0 

56,0 

*9.93 

NE 

Rainy. 

5 

7    o 

43.S 

46»5 

30,04 

0,040 

NE 

Qoudy. 

2     0 

52  0 

51.5 

30,06 

NE 

Fine. 

6 

7    o 

43.0 

44.0 

30,17 

ESE 

Fine. 

2     O 

S«»o 

50,0 

30,16 

ENE 

Qoudy. 

7 

7    o 

43.5 

44.0 

30.  »4 

ENE 

I 

Fine. 

2     0 

5*.o 

49.0 

30,12 

1 

SE 

Fm^. 

8 

7    o 

42,0 

44>0 

29.97 

i 

NE 

Qoudy. 

2     0 

S'.o 

49.5 

29,88 

% 

ESE 

I    Fine. '                     | 

9 

7    o 

43.0 

47,0 

29,72 

, 

NNW 

Fine, 

2     O 

56,0 

5>.o 

29,68 

NE. 

Fine. 

10 

7    0 

42>5 

46,0 

29,66 

NE 

Fine. 

2     O 

59.0 

51.0 

29.58 

ESE 

Fine. 

II 

7    o 

44.5 

49.0 

29,62 

0,240 

ESE 

Rainy. 

2     O 

63,0 

67.5 

29>73 

SSW 

Cloudy. 

12 

7    0 

58,5 

55.5 

30,01 

SE 

Fine. 

2     O 

72,0 

64,0 

30,02 

SE 

Fine. 

>3 

7    o 

62,0 

61,0 

29,91 

NW 

Cloudy. 

2     0 

73.5 

69.5 

29,92 

NW 

Fine. 

M 

7    c 

56,0 

63,0 

29,89 

o>04i 

ESE 

Cloutly. 

2     0 

71.5 

68,5 

29,89 

SSE 

Fine. 

»5 

7    o 

56,5 

51.5 

29.93 

NNW 

Cloudy. 

2      O 

67,0 

68,0 

29,96 

NW 

Fine. 

i6   7    o 

5^.0 

54.0 

29,96 

SE 

* 

Cloudy. 

2     r    57,o   1 

61,0 

30,00 

NE 

I    Qoudy.                  J 

METE- 


[    *95    3 


mmmm 


METEOROLOGICAL      JOURNAL 

P 

•  for  May  1781. 


MB  TS< 


f  >»<  1 


mSTSOllp  LOGICAL     JOURNAL 

.fdr  June  1781. 


Time. 


H.  M. 


Jane  i 

2 

3 

4 

5 
6 

7 
8 

9 

10 

It 
12 

15 

16 


7 

2 

7 
2 

7 
2 

7 

2 

7 
2 

7 
2 

7 
2 

7 
2 

7 

2 

7 

2 

7 
2 

7 

2 

7 
2 

7 

2 

7 
2 

7 
2 


o 

o 
o 
o 
.0 

.0 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


Therm, 
without 


65,0 

83^5 
67,0 

84,0 

60,0 

7S>o 

58.5 

70,5 
60,0 

7SiO 

68,0 

S8,S 

64*5 

SS^S 
.60,0 

S7>o 
64*0 

S8,S 
60,0 

•59.5 

.70,5 
.56.0 

67.0 

S9»5 

73»S 
.63,0 

66|0 

59»5 

7S>o 
61,0 

7o»5 


Therm, 
within. 


66,0 

78,5 
71,0 

78,0 
6s»o 

74»o 

67.5 
70,0 

68,0 
56,0 

68,5 
65,0 

67,0 

60,0 

6a,o 

60,0 

64,0 

S9tS 
65  o 
61,0 
67,0 
6^,o 


u 


5 

64,0 

68,5" 

67,0 
61,0 

68,5 
6 1,5 

69«o  . 


uiom. 


Inch6*. 


lodi* 


30,04 

30>03 

a9»9« 
29,96 

29.57 
29,80 

20,82 

4.79 
29,82 

29,69 

29,60 

29.54 

a9.5S 

29.55 

29.49 
29,42 

29,68 

29,72 

29,72 

29.79 
29,84 

29.79 
29,82 

29,78 

29.77 

29.74 

29.7 « 
29,66 

29.79 

29*65 
29,78 

29,78 


Raur. 


0,169 


0,226 


0.055 


0,064 


0.057 


Wiads. 


Points.  IStr. 


NE 
SW 
SW 
SW 
SW 

ssw 

W&Wl 

SW 
S  by  W 

SW 

SSE 
W  byS 

SSW 

SW 

SW 

SW 

SW 

SW 
£byN 

SE 

SSW 

sSe 

NE 
NE 
SE 

sse 

SSE 
SW 
SSE 
SSE 

ssw 

SSE 


Fine. 
Fine. 
Fine. 
rFioe. 
Rainy. 
Showery. 
Cloudy. 
Shoiwuy. 
Fair. 
Fiflie. 
CiMdy. 
Fine. 
Cloudy. 
Fair. 
Rainy. 
Showery. 
Fine. 
Showery. 
Fine. 
Showrry. 
Cloudyi 
Cloudy^ 
Rainy. . 
Fine. 
Cloudy. 
Fine. 
Qoudy. 
Fair. 
Fine. 
Fine. 
Fine. 
I  Pine. 


METE- 


t  ny  1 


METEOROLOGICAL     JOURNAL 

for  June  1781. 


Vol,  LXXII. 


CLq 


M£TB« 


C   »j^  I 


. 


.A-«hi 


^  -wi^i 


m^ 


»      T 


Jfiy 


i 


1-1 


M  ETEOR  O'LOG  I  C  A.L    J  O  UR  IT  ArL 

for  July  175 1. 


1 


rune. 


6 

7 
8 


10 

12 

16 


H.M. 


7 

2 

7 
2 

7 
2 

7 

2 

7 

2 

7 

2 

7 

2 

7 
2 

7 
2 

7 
2 

7 
2 

7 

2 

7 

2 

7 
2 

7 
2 

7 

a 


o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 

Oj 

o 
o 
o 
o 
o 
o 
o 
o 
a 
o 
o 
o 
o 
o 
o 
o 
o 


Xhemi-* 
without 


74»0 

76,0 

.650 

74.0 

7C0 
62,0 

7J.O 
60,0 

68,5 
68,0 

69,0 

S?.<» 
68,0 

64,5 

76,5 
67,0 

74.5 

66,5 
57,0 
68,0 

58.5 
73»o 


Thcnn. 
within. 


itiuota. 


67,0 

750 

750 
76,0 

69,0 

730 
65,0 

71,0 
62,0 

7»«5 
65,0 

74.5 

71,0 
61,0 

67.5 
66,0 

68,0 

65,0 

67,0 

6o,s 

67,5 
67,0 

71,0 

70,0 

730 
67,0 

70,0 

66)0 

67,5 
64,0 

69,0 


Inches. 


30,04 

29.90 
29,69 

29.77 

29.8a 

29.85 
30,04 

30,M 

30.25 

30  22 
30^03 

2».95 

29,81 
29,78 

\  »9»7* 
29' 74 
29,92 

29,92 

»9.97 
29,88 

29.86 

2993. 
30.07 

30.»3 
30,16 

30.»6 

30,03 
30,01 

30." 

30,13 
30.29 

30,33 


Kaio. 


Inch. 


Winds. 


0,050 
0,132 

•,293 


0,114 


0,243 


Points. 


iStr. 


Weather. 


S)l!. 

bSW 
SSW 

SSW 
SSW 
SSW 
SSW 
WSW 
SSE 
SW 

SE 

SE 

SE 

SE 

SE 

SbyW 

SW 

NW 

SSW 

SW 

WSW 

NW 

SW 

SW 

SW 

SW 

SW 

WSW 

WSW 

WbyS 

WSW 

NW 


Fine. 

Fine* 

Fine. 

Fine. 

Cloody. 

I*  toe. 

Fbe. 

Pine, 

Fbe. 

Fine. 

Fine. 

Cfaiody^ 

Cloudy* 

Cloudy*. 

Rainy* 

Rainy. 

Cbndy*. 


Cloody*. 

Cloudy*. 

Cloudy* 

Cloudy.. 

Fine*. 

Fine*. 

Qoudy* 

Ckmdy*. 

Rainy* 

Finci. 

Fine. 

Fine, 

Fine* 


^ 


{ 


. 


MBtS* 


t    »99    ] 


! 


_ 


METSOROZ^OCfC  AL     JOURNAL 

for  July  1 78 1. 


Tune. 


TheriD.|Thenn.lBaroiD 


H.M. 


witkout 


July  1 7 
18 

20 
ai 
22 
23 
«4 

26 

a? 
28 

29 

31 


f^ 


7 

7 

a 

7 

2 

7 

a 

7 

a 

7 

a 

7 

a 

7 

a 

7 

a 

7 

a 

7 

a 

7 

a 

7 

a 

7 

a 

7 

a 


o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

» 

o 
o 
o 
o 
o 
o 
o 
o 
o 

oi 


S9.0 

73.0 

6a,S 

73.S 
62,0 

70.0 

oa,o 

69,0 

61,0 

72,0 

6 1,0 

7S,o 
62,0 

7».S 
04,0 

79.0 

6s,o 

77.5 
60,0 

7«.o 

S9.0 
73.0 
73»o 

75»o 
66,0 

76,0 
68,0 
80,0 
67,0 
84,0 


within. 


Rain. 


i3>5 
69,0 

67,0 

66,0 
69,0 

J  68.5 
64.0 

70,0 

63,0 

7a.o 
651O 

7»»o 
69.0 

75.0 
70,0 

74.0 
65.0 
70,0 
67,0 
70>o 

07.0 
71,0 

68,0 

73.0 

71,0 
76,0 

70.0 

80.0 


Inches. 


Inch. 


30.33 
30.29 
30,26 

30,24 
30,34 
30.3s 
30.4« 
30,4* 
30.44 
30,4* 
30,33 
30,23 
30,17 

30.  »S 

30*07 
30,02 
29,96 

29.93 
29,89 

30,01 

30.06 

30,06 

30,05 
30,01 
30,01 
30,08 

30,19 

30,17 
30,06 

30,05 


TTSST 


Point!. 


0,213 


NW 
NW 
SW 
SW 
NW 
NW 
NW 
NW 

ESE 
NW 
NW 
NW 
NNW 
NW 

ssw 

wsw 

wsw 

ssw 

SW 

SW 
NNW 
NNW 

NW 

SW 

SW 

SW 

SW 

SW 

SE 

SE 


Weather. 


Fine. 
Fine. 
Cloady. 
'Fine. 
Cloudy. 
Fine. 
Fine. 
Fine. 
Cloudy, 
Cloudy. 
Cloudy* 
Cloudy. 
Fine. 
Fine. 
Cloudy, 
Fine. 
Cloudy. 
Fine. 
Fine. 
Fine. 


Q.q  * 


MB  T  S- 


[    300  .] 


M£T£ORQLdGICAL     JOURNAL 


I 


^.<. A. ^ 

ft>r  AuguQ  I 

781. 

• 

riincj  rhcnn. 

Therm. 

Bdrom. 

Rain. 

Winds. 

without 

within. 

1 

« 

. 

«             ■ 

Wcatkcr. 

_                                                     I 

H.M. 
7     0 

_ 

(nphes. 

Inch. 

■Points.  3tr. 
"    1           •"   " 

Aug.    1 

68,5 

- 

71,0' 

ai9,96 

* 

wsw 

w 

Qondy. 

* 

2     0 

78,0- 

75.0/ 

30,01 

1 

.  sw 

«  A 

Kine; 

2 

7    0 

63.0 

65.0 

^12 

I 

sw 

•  * 

Fine, 

2    0 

7»xS 

69.5 

30.11 

wsw 

— 

Fine; 

3 

7    0 

63,0 

64,0 

30,27 

• 

sw 

Fine; ; 

2    0 

73.0  : 

70,0 

30,28 

■ 

BW 

9 

Fine* 

4 

7    0 
2    0 

•63,0  ■ 
•73.0 

65.0 
70,0 

30.39 
3|o,37 

t 

.  SW    < 

NE- 

• 

Cloudv. 
Fine* 

5 

7    0 

•62,9 

64,0 

.  3P.33 

N£ 

Pine. 

2    0 

72,0 

70,0 

30,24 

NE 

Fine* 

6 

7    0 

63,0 

65.S 

30,07 

SSE 

Gloudy. 

> 

2    0 

77.0 

72,0 

30,07 

S£ 

Fine, 

7 

1 

7    0 
2    0 

63,0 
77.0 

66,0 
72,0 

30,08 
30,07 

SE- 
.    SE- 

TT 

Clourfy. 
Fiac,  ^ 

8 

7    0 

62,0 

68,0 

29,94 

0^026 

WSW 

Olduiiy. 

2    0 

66,a, 

68,5 

29,91 

• 

SW 

Fair. 

•  9 

7     0 

63,0 

67,0 

29,9s 

0,684 

SSW 

1.     \ 

1 

2     0 

78,0 

• 

71,5 

29,98 

ssw 

Finw 

•           lO 

7    0 

68,5 

70.S 

29,90 

0,042 

SSW 

CIOU^T. 

aou4?. 

.2    0 

80.0 

76,0 

30,03 

asw 

II 

7    0 

63.0 

7 '.5 

30,06 

sbw 

Fine.- 

a    x> 

82.0 

77,0 

.  30,05 

SE 

'Fine. 

12 

7    0 

68,0 

71,0 

30,02 

■ 

SSW 

te 

'Fine. 

■ 

2    0 

81,5 

78,0 

30,01 

iw 

Fiiie. 

»3 

7    ^ 

67,0 

72,0 

29,93 

sw 

• 

Rainy. 

2    0 

80,5 

7S.S 

29,87 

sw 

Fine. 

14 

7    c 

63,0 

72,5 

2993 

hW 

Finp. 

• 

2    0 

75.0 

74,0 

29,85 

sw 

'^ 

[Cloudy. 

.  >s 

7    0 

58,0 

68,5 

29,65 

0^271 

SSW 

Fair.    • 

2     0 

65.S 

7o»o 

29.59 

SSW 

A 

Rauij:. 

«» 

i6 

7    0 

61,0 

67'5 

29,62 

0,067 

sw 

Fine. 

1                *   2      Ol    72,0 

69,5 

29,61 

SSW 

I    Fair. 
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■* 

for  Auguft  1 781. 

rioie. 

Therm. 

Theroi. 

Barom. 

Rain. 

Winds. 

f 

\ 

without 

within. 

'■ 

• 

Wcaehcr. 

7 

0 

Inches. 

Inch. 

Points. 

Sir. 

Aug.  1 7 

60,5 

65,5 

29.74 

0,182 

SW 

Fiae. 

2 

0 

72,0 

68,0 

29,83 

SW 

Fine. 

i8 

7 

0 

S7>o 

64,0 

29,89 

0,087 

svv 

Fine. 

2 

0 

73»o 

6<J,5 

29,86 

ssw 

Fine. 

19 

7 

0 

58,0 

64,5 

a9»73 

■  NNE 

Rainy. 

' 

2 

0 

S9»o 

6s,o 

29,66 

NbyW 

A 

Rainy. 

20 

7 

0 

S3>o 

62,^ 

29»77 

0^147 

NW 

Fine. 

2 

0 

67,0 

66,0 

29,82 

NW 

« 

Cloudy. 

21 

7 

0 

5S'0 

62,0 

30," 

NW 

Fine. 

# 

2 

0 

08,0 

66,0 

30>iS 

NNW 

Fine. 

22 

7 

0 

52,0 

61,0 

3^.25 

NE 

"Fine. 

2 

0 

71,0 

69.S 

30.27 

NE 

Fine. 

23 

^7 

0 

!  60,0 

65,0 

30.04 

SSW 

Cloudy. 

. 

2. 

0 

•  80,0 

70,0 

u^^ 

&W 

Fine. 

24 

7 

0 

63,0 

67,0 

29,76 

SE 

Cloudy. 

2 

0 

7S.S 

71,0 

29,66 

SSE 

rine. 

2S 

7 

0 

6i,S 

68,5 

29.54. 

0,302 

wsw 

Fine. 

2 

0 

72,0 

71,0 

29,67 

SW 

Cloudy. . 

26 

7 

0 

6i,S 

68,0 

29,93 

SW 

Fine. 

2 

0 

7S»5 

73.0 

29.96 

svv 

Cloudy. 

27 

7 

0 

68>o 

69.5 

29,82 

SSE 

Cloudy. . 

2 

0 

79tO 

76,0 

2975 

ssw 

Fine. 

28 

7 

0 

67*5 

70.S 

,  29,66 

ssw 

Cloudy,. 

2 

0 

65,0 

72.5 

29.58 

SW 

Rainy. 

39 

7 

0 

64,0 

70,0 

29.59 

SW 

Fine. 

2 

0 

72,5 

71.0 

29,77 

t 

SW 

Fine. 

30 

7 

0 

64,0 

68,0 

30,01 

SW 

Fine. 

2 

0 

74>o 

>  70,0 

29,98 

SSE 

Cloudy. 

3» 

7 

0 

66,0 

70,0 

29.72 

0,390 

SE 

Rainy. 

. 

2 

0 

7S;0 

73?° 

29,88 

. 

SE 

Fine.   . 

J  7^1 
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[*bemometer  without. 

Birometer. 

Rain. 

Sraiefi 
height. 

Lall 
cigbt. 

Mau 

hdght. 

hdlht. 

hdghi. 

Mou    Snatdl 
bdghu    bdgb.. 

Loll 
bright. 

bdghi. 

Iiclio. 

Jan. 

Jt.S 

150 

38,5 

49.0 

3».o 

3S.9 

30.5s 

"9.04 

29.90 

1,348 

Feb. 

5«.5 

S'P 

4«,8 

S'-o 

36,0 

43,7 

3».34 

28.93 

»9,6j 

i,«76 

Mar 

60,5 

3«.o 

+t,8 

53.5 

35.0 

45,9 

J0.47 

29.88 

30.21 

0,391 

Apr. 

66,5 

37,0 

49.» 

67,0 

J«,o 

P.« 

30,34 

29.>9 

29,88 

o,6s» 

M,j 

80,5 

41,0 

56,8 

76,0 

44,0 

S6,8 

30.36 

29.58 

30,05 

0,619 

J»n. 

84,0 

S3.S 

66,j 

79.S 

5S.° 

66,8 

30,4» 

29.42 

29,84 

0.688 

Jul, 

84,0 

S7.0 

68,4 

80,0 

S3.S 

68,7 

30^4 

29.69 

30,05 

'/XS 

A»g 

8>j> 

J»,o 

67,7 

78,0 

61,0 

69.2 

30.39 

29.54 

29.95 

2,198 

M*in 

?3.o 

SJ." 

29.95 

8,516 

I  =5 1 


APPENDIX 


■3.  Account  of  a  new  Kind  of  Rain.  Written  ly  the  Count  dc 
Gioenif  an  Inhabitant  of  the  ^d  Region  of  Mount  Etna-i 
communicated  by  Sir  William  Hamilton,  iC.  .£•  F.  R.  S. 
See  p.  I. 


f^o/at  per  JMare  magnum  cinis  decoSlui^  el  terrenis  nubibus 
excitatisj  tran/marin/ts  quoque  provincial  pulvereis  gut  its 
imptevit.        CAssioD.  lib.  IV.  var.  epift.  <;o. 

THE  morning  of  the  A4th  inftant  there  appeared  here  a, 
mpft  Angular  phenomenon.  Every  place,  expofcd  to  the 
.^Ir,  was  found  wet  with  a  coloured  cretaceODS  grey  water, 
-which,  after  evaporating  and  filtrating  away,  left  every  place 
•covered  with  it  to  the  height  of  two  or  three  lines;  and  ali 
<the  iron-work  that  was  touched  by  it  became  nifty. 

The  public,  inclined  to  the  mar*vellous,  fancied  various 
caufes  of  this  rain,  and  began  to  fear  for  the  animals  and 
vegetables. 

In  places  where  rain  water  was  \ifed,  they  abftained  from  it: 
^me  fufpeding  vitriolic  pnnciples  to  be  mtxed  with  it,  and 
<others  predid^ing  ibme  epidemical  difbrder. 

Thofe  whe  had  obferved  the  explofions  of  Etna  twenty  days 
and  more  before,  were  inclined  to  believe  it  originated  from 
one  of  them. 

The  (hower  extended  from  N.  |  N.E.  to  S.  J  SW.  over  the 
fields,  about  feventy  miles  in  a  right  line  from  the  vertex  of 
£tna* 
.  Vol.  JLXXII.  A  There- 


ii  Count  dc  GiocniV  Account  of" 

There  Is  nothing  new  in  volcano's  having  thrown  up  find  *^ 
and   alfo  .  ftones  f ,  by  the  violent  cxpanlive   force   generated 
within  them,  which  fand  has  been  carried  by   the  wind  to 
diftant  regions. 

But  the  colour  and  fubtilty  of  the  matter,  occafioued  doubts 
concerning  its  origin ;  which  increafed  from  the  remarkabXi 
ciccumilauce  of  the  water  in  which  it  came  incorporated  J  ; 
for  which  rcafons  fome  other  principle  or  origin  was  fuf- 
j)c6lcd. 

It  became,  therefore,  necefiary  by  all  means  to  afcertain  the* 
nature  of  this  matter,  in  order  to  be  convinced  of  its  origin,, 
and  of  the  ^fFefts  it  might  produce.  This  could  not  be  done 
without  the  help  of  a  chemical  analyfis.  To  do  this  then  with 
certainty,  I  endeavoured  to  coUeft  this  rain  from  places  where  it 
was  moft  probable  no  heterogeneous  matter  would  be  mixed  with 
it.  I  therefore  chofe  the  plant  called  BraJJica  Capftata^  which 
liaving  large  and  turned-up  leaves,  they  contained  enough  of 
this  coloured  water;  many  of  thefe  1  emptied  into  ^  veflel, 
and  left  the  contents  to  fettle  till  the  water  became  clear. 

This  being  feparated .  into  another  vefld,  I  tried  it  witht 
vegetable  alkaline  liqpors  and  mineral  acids ;  butxould  obferve 
no  decompolitlon  by  either.     Ithen  evaporated  the.  water  in  or- 
der to  reunite  the  fubftances  that  might  be  in  folution;  and, 

*  The  authority  of  cassiod.  prefixed  to  this  account  is  firengthened  by 
si  MCA,  in  his  i  llh,  d€  Sjffft*  ISfat^ 

yEtna  aliquando  mttlto  tgue  alandavJf^  ingtHfem  vim  arena  nrcntis  effudit^  invtUftm  tjt 
difipulvcre^  populofque  fuhita  nox  Urruit. 

But  without  having  recourfe  to  the  numerous  old  accounts  of  .  this  vol- 
cano, and  of  Vcfuviiis,  we  have,  within  ihefc  twenty  years,  fecn  many  of  tlwfe 
rains  in  Sicily  originating  in  Etna;  and  the  lal^v  preceding  the  eruption  ofiail 
yeac,  was  compofed  of.  little  fragnienls  of  bituminous  pumice  ik)ne^  orflmmJc.. 

+  The  (lone,  defcribcd  by  pliny,  which  fell  in  Thrace,  the  Ihowcr  of  ftones 
on  mount  Albano  after  the  riiia  of  Alba,  whiclr  livy  mcntioDs,  and  many 
others  of  Hke  natu!x^,  remarked  by  the  ancients  as  miraculous  rains,  have 
been  difcovered  to  bt  volcanic.  As  to  Ettia  we  have,  in  our  days,  fecn  netv  raoun-  - 
tains  formed  by  the  flones,  or  rather  the  lava;  and  as  to  the  aacients,  beOdes 
sTRABO  and  many  others,  tbq  poet  pinoar  writes,  that  aliquando  n9H  tantnm 
rivos  i^ncos  cjccit^  ftdfaxa  ignlta.      FIND,  ap  Brit.  lib.  V.  C.  1 4  p.  a. 

X  In  many  of  the  writers  on  Etna,  (liowcrs  of  fand,  or  other  prwlui^ions, 
nii^ed  with  w^icr,  are  not  to  be  found, 

^N     a  touchiug 


a  tew  Kind  of  Rdtn^  iS 

toruchingit  ^id  viath  the  afbrefaid  liquors,  it  fhewed  a  (light 
cffervefccnce  with  the  acids.  When  tried  with  the  fynip  of  vio- 
lets, this  became  a  pale  green ;  fo  that  I  was  perfuaded  it  con- 
tained a  csdcareous  falt"*^.  With  the  decodion  of  galls  no  preci* 
pitation  was  produced. 

The  matter  being  afterwards  dried  in  the  ihade,  it  appeared 
a  very  fubtile,  fine  earth,  of  a  cretaceous  colour,  but  inert, 
from  having  been  diluted  by  the  rain. 

I  next  thought  of  calcining  it  with  a  flow  fire,  and  it  aflumed 
the  colour  of  a  brick.  A  portion  of  this  being  put  into  a  cru- 
cible, I  applied  to  it  a  ftronger  heat,  by  which  it  loft  almoft  all 
its  acquired  colour.  Again,  I  expofed  a  portion  of  this  for  a 
longer  time  to  a  very  violent  heat  (from  which  a  vitrification 
might  be  expefted) ;  it  remained  however  quite  fbft,  and  wa« 
eafily  bruited,  but  returned  to  its  original  dulky  colour. 

From  the  nwft  accurate  obfervations  of  the  fmoke  from  the 
three  calcinations,  I  could  not  difcover  either  colour  or  fmell 
that  indicated  any  arfenicalor  fulphureous  mixture. 

Having  therefore  calcined  this  matter  in  three  portions,  with 
three  din^rent  degrees  of  fire,  I  prefented  a  good  magnet  to 
each ;  it  did  not  z6t  either  on  the  firft  or  fecond ;  a  flight  at- 
traAion  was  vifible  in  many  places  on  the  third :  this  perfuaded 
me,  that  this  earth  contains  a  martial  principle  in  a  metallic 
form,  and  not  in  a  vitriolic  fubftance  +. 

The  nature  of  thefe  lubftances  th«i  being  difcovered,  their 
volcanic  origin  appears;  for  iron,  the  more  it  is  expofed  to 
violent  calcination,  the  more  it  is  divided,  by  the  lofs  of  its 
phlogiftic  principle;  which  cannot  naturally  happen  but 
in  the  great  chimney  of  a  volcano.  Calcareous  fait,  being  a 
marine  fait  combined  with  a  calcareous  fubftance  by  means 

**  Tried  likewife  with  a  folmion  of  kad  in  the  vegetable  acid,  it  loft  us  natural 
colourand  its  tranfparency,  and  became  milky.  I  ihould  be  inclined  to  believe  thit 
tobethcefe£l  of  the  alkaline  particles,  and  thus  account  for  the  cfliorelcence 
on  the  iron^s  being  expofed  to  the  air. 

t  Becaufe,  otherwife  the  water  would  not  have  produced  an  effervefcence 
with  the  acids,  but  would  have  fliewn  it  with  the  alkalies ;  and,  in  the  triple  cal* 
cination,  the  red  colour  would  rather  have  been  iacreafed  than  diminiflied. 

Vol.  LXXIf.  B  of 
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of  violent  heat  *,  cannot  be  otherwife  compofed  than  m  a  vol- 
cano +. 

As  to  their  dreaded  efFefts  on  animals  and  vegetables,  every 
one  knows  the  advantageous  ufe,  in  medicine,  both  of  the  one 
and  the  other;  and  this  in  the  fame  form  as  they  are  thus  pre- 
pared in  the  great  laboratory  of  nature. 

Vegetables,  even  in  flower,  do  not  appear  in  the  lead  mace- 
rated, which  has  formerly  happened   from  only   Ihowcrs  of 

fand|. 

How  this  volcanic  produftion  game  to  be  mixed  with  water 
may  be  conceived  in  various  ways. 

Etna,  about  its  middle  regions,  is  generally  furrounded  with 
clouds  that  do  not  always  rife  above  its  fummit,  which  is 
^900  paces  §  above  the  level  of  the  fea.  This  matter  being 
thrown  out,  and  defcending  upon  the  clouds  below  it,  may 
happen  to  mix  and  fall  in  rain  with  them  in  the  ufual  way. 
It  may  alfo  be  conjectured,  that  the  thick  fmoke  which  the 
volcanic  matter  contained  might,  by  its  rarefaftion,  be  car- 
ried in  the  atmofphere  by  the  winds,  over  that  tradt  of 
qountry  || ;  and  then,  cooling  fo  as  to  condenfe  and  become 

ipecifically 

• 

*  The  burning  of  limc-ftone  may  indeed  produce  the  compofitioa  from  whence 
refults  the  calcareous  ialt :  but  it  is  evident,  that  fuch  a  quantity  could  only  pro- 
ceed from  a  volcano* 

.  f  Many  and  repeated  experiments  on  the  produce  of  Etna  have  perfuadcd  me, 
that  marine  fait  is  one  of  the  chief  and  moft  abundant  menftrua  which  excite  the 
efifervefcence  of  a  volcano,  or  that  it  is  the  bafis  of  it  (as  a  friend  of  great  knowledge 
has  lately  made  me  believe).  I  find  calcareous  fait  in  the  old  lava,  and  common  falc 
fublimated  to  ammoniac  in  the  fiffures  and  openings  of  the  new  irruptions.  But 
this  is  not  the  place  for  that  which  requires  a  larger  volume.  I  may,  perhaps,  fay 
more  of  it  on  another  occafion. 

\  I  have  repeatedly  obferved,  that  the  fand-ihowers  of  our  mountain  are  moflly 

compofed  of  calcined  matter,  and  of  little  cryflals  of  fchorl,  with  a  fmall  portion 

of   arfenical  and  fometimes    faline    fulphureous    particles,    which    unites    the 

fchorl  to  the  other  fubftances,  fo  that  the  particles  or  grains  are  thereby  enUrged* 

,  Sometimes  the  rain  falls  to  the  ground  flill  warm. 

§  The  meafure  of  the  height  of  the  mountain  has  twice  come  out 'to  be  thus 
defctibed ;  not,  however,  that  I  give  it  for  certain,  well  knowing  that  altimetiy 
requires  exa£t  indruments  and  repeated  obfenrations,  I  mean  to  try  it  with  the 
barometer,  when  convenient, 

I  That  this  hypothefis  may  not  appear  exaggerated  as  to  the  quantity  of  (moke 

that 


M  n^  Ipmi  vf  Rahi  -v 

fpdci&cafiy  h^avUr  thaii  th&  «iki,  t»%ht  d^iid  in  that  co- 
loured raita.  .  -  * , 
I  inuft,  hoWfever,  leave  to  phiIo(bphers  (to  whom  the 
khotdedge  of  natural  Agents  belongs)  thfe  examination  and 
explfki^ion  of  fuch  phenomena,  ccHifining  myielf  to  obferva- 
tidn  «id  chettridal  e«petiments  \ 


P.  S.  On  Friday  the  +th  of  May,  about  a  quarter  paft  three 
in  the  afternoon,  a  (light  fhock  of  an  earthquake  was  felt  in 
the  country  about  Etna,  which  became  more  fenfible  at  fome 
diftance  from  the  mountain :  its  direction  was  from  north  to 
ibuth.  The  volcano  had  continued  its  flames  and  explofions ; 
and  the  night  before,  a  column  of  fmoke,  compofed  of  globes 
as  it  were  piled  upon  each  other,  had  afcended  over  the  crater 
to  double  the  height  of  the  mountain,  as  far  at  leaft  as  one  could 
judge  at  the  diftance  of  twenty- two  miles,  which  the  vertex  is 
in  a  right  line  from  this  i^.  This  remained  the  whole 
night  perpendicular,  only  one  of  the  globes  had  feparated  and 
lengthened  out  to  the  weft  ward  from  the  fummit.  Now  and 
then  all  the  iniide  of  the  column,  and  of  the  lengthened  out- 
part,  became  illuminated  by  ele6lric  fire,  which  was  of  a  deep 
red  colour,  and  gradually  went  out  again,  beginning  at  the 
bottom,  in  about  two  feconds. 


that  muft  be  fuppofed,  I  (hall  meation  what  was  obferved  by  ciczito :  Craurt 
Jlamma  erumpity  fumo  mixta  tarn  copiofo^  ut^  dumBortOi  J^irat^  Melitam  ufque  per  aera 
ilium  fuhlimem  propellat  ad  IX.  miUla pajfuum  jpatium.     cic.  de  Nat.  Deor.  lib.  II. 

*  wALLBRius  (in  hit  Mineral,  vol.  11.  HidroU  §  j.)  fays  :  La  Fhyfiqut  eft  plus  uni" 
verfeUedansfes'VueSy  et  plus  philofophique  dans  fon  examen^  lephyficien  etuvifage^  raifonntf 
0Xpliquey  le  naturalifte  regarde^  ramajfe^  et  range ;  celui'Ci  nfous  dira  il  exifte  tel  corps 
dans  la  nature ^  il  eft  fait ^  foit  au  dedans ^  fait  au  dehors  de  telle  ou  telle  maniere^  il  eft  do 
tel  ou  tel  regne^  clafte^  ordre^  efpice^  'varieti^  celui  lapretendra  *uous  expliquer  les  caufes 
de  fon  exiftence^  defesformes^  et  de  fes  proprietesm 

The  illuflrious  linnaus,  in  Anal.  Tranfalp.  anno  1740,  §  1.  fays  thus: 
Phyftca  eft  fdentia  de  qualitatihus  elementorum^  biftoria  naturalis  autem  circa  cognitionem 
corporum  naturalium  n}erfatur.  The  true  naturalift  ought  to  be  learned  both  in 
phyfics  and  in  chemiftry  \  but  fiili  we  know  not  where  the  divifion  between  the 
two  fciencei  is. 

B  3  The 
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The  fire  has  continued  on  the  cn^er  till  this  day^  May  Sth, 
Reding  red-hot  mafles  or  ftones,  which  rolling  beautifully 
^wn  the  cone,  have  illuminated  this  re^n ;  feme  lura  has 
run  over  from  the  crater  towards  the  M^N.W.  but  without 
having  iotct  enough  to  burft  the  fides  or  walls  of  the  volcano ; 
So  that  we  may  apply  thehiA(^lcal  paflage,  marco  £MILI0  c. 
AURELio  Coir.  Mtna  mons  terramotu,  tgnes/t^  vtrtietm  iate 
diffudit,    Jul.  Obrequ.  de  Prodig.  c.  89. 


I  «  I 


II.  Of  the  Method  of  rendering  very  fenfUAe  the  weakejl  Natural 
wr  Artificial  EleBrtcity.  By  Mr.  Alexander  Volta,  Profejjor 
ef  Experimental  Philofophy  in  Como,  &c.  &c. ;  communicated 
ly  the  Right  Hon.  George  Earl  Cowper,  F.  R.  S.  Seep.  23;?^ 


PART      I. 


s.  TT  wUI  be  readily  allowed,  that  an  apparatus  capable  of 
X  rendering  perceptible,  or,  as  it  were,  of  magnifying  the 
fmalleft,  and  otherwife  nnobfervable,  degrees  of  natural  as  well 
as  artificial  electricity,  is  of  great  advantage  to  the  fcience  of 
cleftricity  in  general,  and  elpecially  for  me  inveftigation  of 
atmofpherical  eleftricity,  which  by  this  means  may  be  ren* 
dered  very  fenfible  and  confpicuous  when  it  is  not  to  be  difco*- 
vercd  by  common  atmofpherical  conduftors.  This  method  is 
founded  upon  a  particular  ufe  of  my  eleSlropboruSj  which  i&  a 
machine  well  known  to  electricians. 

2.  Whenever  in  obferving  the  atmofpherical  eleCtricity  no 
degree  of  it  can  be  difcovered  hy  the  ordinary  methods  of  per*^ 
forming  tho&  experiments,  it  is  diffibult  to  determine  whe-- 
ther  any  eleftricity  at  all  does  or  does-  not  exift  in  the  atmo- 
fphere  at  thofe  times  *r  fince  it  may  exift,  and  the  quantity  of 
It  only  be  fo  fmall  as  not  to  afFeCl  the  electrometers  employed.- 
An  ordinary  conductor,  ereCted  in  the  beft  manner  for  the  pur- 
pofe  of  obferving  the  atmofpherical  eleCtricity,  when  the  Iky  is- 
free  from  eleCtrieal  clouds,  feldbm  or  never  flicws  any  figns 
of  electricity.  In  that  cafe,  therefore,  if  we  rely  upon  the 
common  electrometers;  even  the  moft  fenfible^  we  muft  con-^ 
elude,  that  neither  the  conductor  nor  the  atmofphere,  fo  high 
as  the  conductor  reaches,  contains  any  eleCtricity ;.  but  by 
means  of  the  apparatus  I  am  going  to  defcribe,  it  will  be 
fcund^  that  the  faid  conductors  are  never  entirely  void  of  elec- 
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tricity»  and  it  'muft  be  confequently  concluded,  that  the  air^ 
which  furrounds  them,  is  alfo  at  all  times  electrified.  This 
method  not  only  (hews  the  exiftence  of  eleftricity,  but  gives 
alfo  room  to  afcertain  whether  it  is  pofitive  or  negative,  and 
that  when  the  atmofpherical  conduftbr  itfelf  is  not  capable  of 
attrafting  the  finefl:  thread ;  but  if  the  conduftor  were  to  (hew 
any  very  fmall  attraftion,  then,  by  means  of  our  apparatus, 
there  may  be  obtained  even  ftrong  fparks. 

3.  The  eleftrophorus  in  this  cafe  might  perhaps  better  dc- 
ferve  the  name  of  ele^rometer^  or  micro-eleStrometer^  but  I 
had  rather  call  it  a  condenfer  of  tleBtrictty^  for  the  fake  of  ufmg 
a  word  which  exprefles  at  once  the  reafon  and  caufe  of  the 
phenomena  to  be  treated  of  in  this  paper,  as  will  be  made 
evident  in  the  fepond  part. 

The  whole  method  may  be  reduced  to  the  following  few 
obfervations.  I.  An  eleftrophorus  muft  be  procured,  the  refi- 
nous  coat  of  which  muft  be  very  thin,  and  either  not  at  all  elec- 
trified, or,  if  electrified,  its  electricity  be  entirely  extin- 
guiftied. 

II.  Its  ufual  metal  plate  muft  be  laid  upon  this  refinous  and 
unele£trified  plate,  in  full  and  flat  conta£t ;  but  care  muft  be 
taken  that  it  does  in  no  point  touch  the  lamina  of  metal  upon 
which  the  refinous  ftratum  is  ufually  faftened. 

III.  Thofe  platos  being  fo  conjointly  placed,  a  conduCtiqg 
communication,  v/z.  a  wire  muft  be  brought  from  the  atmo- 
fpherical  conductor  to  touch  the  metal  plate  of  the  eledtro- 
phorus,  and  to  touch  that  only. 

IV.  The  apparatus  muft  be  left  in  that  fituation  for  a  cer- 
tain time,  viz.  till  the  metal  plate  may  have  acquired  a  fufli* 
cient  quantity  of  electricity  through  the  conducting  commu- 
nication, which  brings  it  from  the  atmofpherical  conductor 
very  flowly. 

V.  Laffly,  the  conducting  communication  muft  be  femoved 
from  the  contaCt  of  the  metal  plate:  the  metal  plate  is 
then  feparated  from  the  refinous  one,  by  lifting  it  up  by  its 
infulating  handle,  after  which  it  is  in  a  ftate  of  attrading,  of 
electrifying  an  eleCtrometer,  or,  if  the  eleCtricity  is  fufl[iciently 
itrong,  of  giving  fparks,  &c.  at  the  fame  time  the  atmofpherical 
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condudlor  itfelf  (hews  either  no  eleftricity  at  all,  or  exceeding 
fmall  figns  of  it. 

4.  It  was  mentioned  above  (IV.)  that  the  conducting  wire 
miaft  be  left  in  contaft  with  the  metal  plate  for  a  certain  time^ 
the  length  of  which,  however,  is  not  eafily  determined,  fince 
it  depends  upon  variable  circumftances.  When  the  condudlor 
itfelf  (hews  no  figns  of  electricity,  then  it  will  be  neceflary  to 
leave-  the  apparatus,  a$  directed  above,  during  eight,  ten,  or 
more  minutes.  But  if  the  condudtor  itfelf  is  capable  of  juft 
attracting  a^very  fmall  thread,  then  it  will  be  fufficient  to  leave 
the  apparatus  in  contaCt  as  above  mentioned,  for  a  few  feconds 
only,  in  order  afterwards  to  obtain  from  it  very  confpicuous 
electrical  appearances. 

5.  RefpcCting  the  conducting  communication  between  the 
atmofpherical  conductor  and  the  metal  plate,  care  (hould  be 
taken  that  it  be  made  of  the  feweft  joints  poffible,  or  rather  of. 
one  piece,,  (ince  the  difficulty  of  tranfmitting  very  fmall  quan- 
tities of  electricity  is  confiderably  increafed  by  every  interrup- 
tion, and  it  may  thereby  be  quite  obftruCted,  as  is  often  the  cafe 
when  a  chain  is  ufed  for  that  purpofe. 

6.  As  for  the  eleCtrophorus  to  be  ufed,  it  muft  be  farther  re-^ 
marked,  firft,  that  its  being  very  thin,  as  mentioned  above,  is 
of  great  importance;  it  having  been obferved,  that  the  thinner 
the  refmous  ftratum  is,  the  greater  quantity  of  eleCtricity  can 
be  accumulated  into  the  metal  plate  laid  upon  it ;  which  is 
the  cafe  whether  the  eleCtricity  is  brought  to  it  from  the  atmo- 
fphere,  as  in  the  abovemcntioned  inftance,  or  from  any  other 
eleClric  power.  The  thicknefs  of  one-fiftieth  of  an  inch,  or 
that  of  a  common  .coat  of  varnifli,  is  very  proper ;  whereas 
if  the  refin  was  an  inch  thick. or  more,  the  experiments  would  . 
anfwer  very  badly. 

7.  Secondly,  the  furface  of  the  refinous  ftratum,  as  well  as 
the  under  furface  of  the  metal  plate,  muft  be  as  plain  and  as 
fmooth  as  poffible,  in  order  that  the  two  furfaces  may  coincide 
more  perfeCMy  when  laid  one  upon  the  other.  It  is  well  known 
how  much  this  circumftance  favours  the  effcCt  of  the  eleCtro-  - 
phorus ;  for  this  reafon,  in  my  publication  oa  that  inftrument,  , 
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I  recommended  it  as  a  thing  eflential  to  obferve  * :  but  this 
circumflance  is  ftill  more  elTential  when  the  fame  apparatus  is 
to  ferve  as  a  condenfer  of  elcftricity. 

8,  Laftiy,  it  deferves  to  be  repeatedly  and  particularly  ob« 
ferved,  that  the  refinous  plate,  when  it  is  to  be  ufed  for  our 
experiment,  (hould  be  quite  free  from  any  the  leaft  elcftricity, 
otherwiie  the  experiments  cannot  be  depended  upon.  If, 
therefore,  the  refinous  plate  has  been  excited  before,  {o  a& 
to  remain  in  fbme  mealure  electrified,  all  poflible  care  (hould 
be  taken  to  deprive  it  of  that  eledtricity,  which  however  is 
not  eafily  done.  The  moft  efledual  method  of  doing  it  to  ex- 
pofe  the  refinous  plate  to  the  hot  rays  of  the  fun  or  to  the 
fire,  fo  that  its  furface  may  be  flightly  melted,  hy  which  means 
it  will  entirely  lofe  its  eleftricity  +.  The  flame  of  a  candle, 
or  of  a  piece  of  paper,  will  eafily  deprive  the  refin  of  its  elec- 
tricity, if  its  furface  be  pafifed  over  the  flame.  In  order  to  ob- 
ferve whether  the  refinous  plate  is  quite  free  from  any  eleftri- 
city,  the  metal  plate  muft  be  laid  upon  it,  there  it  muft  be 
touched  with  a  finger,  and  afterwards,  being  lifted  up  after  the 
ufual  manner,  it  mufl  be  prefented  to  a  fine  hair ;  for  if  the 
hair  is  not  attraAed,  you  may  conclude,  that  the  refinous  plate 
has  no  electricity,  and  coniequently  the  apparatus  is  fit  to  be 
ufed  as  a  condenfer  of  electricity, 

9.  Were  Talked,  to  what  degree  the  cleCtricity  might  be 
condenfed,  or  how  much  the  eleCtrical  phenomena  could  be 

*  See  the  two  letters  addreifed  to  Dr.  priestley,  and  publifiied  iq  the  &y//« 
jrOpvfculi  intertjfanti  of  Milan  for  the  year  177$. 

t  It  has  been  believed  for  a  long  time,  that  to  heat,  and  efpecially  to  melt, 
fulphur  and  refins,  was  fuflicient  to  excite  in  them  fome  eledtricity ;  but  except  the 
tourmalin  and  fome  other  flones,  which  are  really  excited  by  heat  alone,  the 
reiins  and  fulphur  never  become  eledtriiied  by  that  means,  except  when  they  have 
by  .fome  means  or  other  fuffered  any  friiftion.  The  miftake,  as  Father  beccaeia. 
obferved,  was  occafioned  by  this,  v/2.  that  even  the  leaft  fri^ion  of  the  hand, 
or  other  body,  is  fufficient  to  excite  fuch  fubftances  in  thofe  favourable  circum- 
llances ;  without  which  fridion,  thofe  fubftanceSi  melted  and  left  to  C(X>1  by 
themfelvcs,  are  fo  far  from  acquiring  any  electricity,  that  they  lofe  every  veftige 
of  it  in  caic  they  were  excited  before  the  fiifion,  as  may  be  eafily  proved  by 
experiment :  nor  ought  this  to  appear  wonderful,  fincc  fufion  or  a  ftrong  degree 
J9i  heat  render^  every  body  a  Conductor  of  ck&ricity« 
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increafed  by  this  apparatus ;  I  would  anfwer,  that  it  is  not  eafy 
to  be  determined,  as  it  depends  upon  various  circumftances ; 
however,  caieris  paribus j  the  augmentation  is  greater  in  propor- 
tion as  the  body  which  fupplies  the  metal  plate  with  the  elec- 
tricity has  a  greater  capacity,  and  is  larger  in  proportion  as  the 
eledtricity  is  weaker.  Thus  we  obferved  above  (§  2.  and  fol- 
lowing) that  if  the  atmofpherical  conduftor  has  barely  power 
enough  to  attraft  a  very  fine  thread,  it  is  neverthelefs  capable 
of  infufing  fuch  a  quantity  of  eledricity  into  the  metal  plate  of 
the  eleftrophorus,  as  to  let  it  not  only  actuate  an  elcdlrometer, 
but  even  dart  ftrong  fparks.  But  if  the  eletSlricity  of  the  atmo* 
fpherical  conductor  is  fo  ftrong  as  to  afford  fome  fparks,  or  tp 
let  the  index  of  the  electrometer  rife  to  five  or  fix  degrees, 
then  the  metal  plate  of  the  eleftrophorus,  which  receives  the 
eleftricity  from  this  conduftor,  according  to  our  method,  will 
certainly  let  the  index  of  the  eledlrophorus  rife  to  the  higheft 
degree,  and  will  give  a  ftronger  fpark,  yet  it  may  be  plainly 
perceived,  that  the  condenfation  is  proportionably  lefs  in  this 
than  in  the  other  cafe.  The  rcalbn  is,  becaufe  the  electricity 
cannot  be  accumulated  beyond  the  greateft  degree,  viz.  when 
the  electricity  is  increafed  fo  much  as  to  be  difiipated  every 
way.  Therefore,  according  as  the  eleCtric  power,  which  fup- 
piliesthe  condenfcr,  is  »neareft  to  the  higheft  degree,  the  con- 
denfation is  proportionably  lefs :  but  m  that  cafe  there  is  no 
need  of  a  condenfer,  fince  its  principal  ufe  is  to  colleCi;  and 
render  fenfible  that  fmall  quantity  of  electricity,  which  would 
otherwJie  remain  imperceptible  and  unobferved. 

10.  Whenever,  therefore,  the  atmofpherical  conductor  by 
itfelf  gives  fufficicntly  ftrong  fiens  of  eleCtricity,  then  there  is 
no  occafion  to  ufe  our  condenfing  apparatus.  Befides,  when 
the  electricity  is  ftrong,  it  often  happens,  that  part  of  the 
electricity  of  the  metal  plate  is  impreffed  upon  the  refin,  in 
which  cafe  the  apparatus  aCts  as  an  eleCtrophorus,  and  confe- 
queiuly  is  unfit  for  our  purpofe  (§  8.). 

1 1.  In  order  to  avoid  fuch  an  inconvenience,  I  have  thought  of 
fubftituting  to  the  refinous  plate  a  plane,  which  (hould  not  be  a 
perfect  elearic,  or  quite  impervious  to  eleCtricity,  but  which 
Ihould  be  an  imperfeCt  conductor,  fuch  as  might  hinder,  in  a  cer- 
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.  tain  meafure  only,  the  free  paflage  of  the  eleftric  fluid  through 
its  fubftance.  There  are  many  condudtors  of  this  kind ;  as, 
for  inftance,  a  clean  and  dry  nriurble  flab,  a  plate  of  wood  (like- 
wife  clean  and  very  dry,  or  covered  with  a  coat  of  varnim,  or 
wax)  and  the  like.  The  furface  of  thofe  bodies  does  not  con- 
traft  any  eledricity,  or  if  any  eleftricity  adheres  to  them,  it 
vanifhesfoon,  on  account  of  their  femi-condufting  iiature;  for 
which  rcafon  they  cannot  anfwer  the  ofiice  of  an  eleftrophorus^ 
and  therefore  are  more  fit  to  be  ufed  as  condenfers  of  eledtricity. 

12.  Befides  th^  advantages  above  mentioned,  there  is  ano* 
ther,  which  arifes  from  fubftituting  an  imperfe£lly  condu£ling 
plane  to  the  refinous  plate,  namely,  that  the  metal  plate  laid 
upon  one  of  thefe  does  adlually  condenfe  or  acquire  a  greater, 
quantity  of  eledlricity  than  when  laid  upon  the  refinous  plate,^ 
or  other  perfedt  ele<3:ric;  for  fince,  as   was   faid  above,.  §  6.. 
the  thinner  the  refinous  ftratum  is,  the  better  it  anfwers  our 
purpofe  ;  in  the  cafe  of  a  varniflied  or  waxed  boards  this  ftra- 
tum becomes  exceedingly  thin,  and  it  becomes  notlnng  when  ? 
an  imperfeftly  conducting  fubfl:ancc,  is  ufed,  fiich  as  a  marble 
ilab,  a  very  dry  piece  of  wood,  &c. 

13.  On  the  other  hand,  care  fliou Id  be  taken,  inchoofihgthe 
above  mentioned  plane,  that  it  be  not.  too  much  of  a  conduding 
nature,  or  capable  of  becoming  fo  iii  a  very  fliort  time,  it 
being  quite  neceflary,  that  the  eledlricity  fhould  find  a  confi- 
derable  degree  of  refiftance  in  going  through:  its  fubfliance.  In 
choofing,  or  in  preparing,  fuch  a  plane  by  drying,  or  other- 
wife,  it  is  better  to  render  it  too  near  to  than  too  far  ftom 
the  nature  of  a  non-conduftor.  A  marble  flab,  or  a  board 
properly  dried,  anfwers  admirably  well,  and  is  preferable  to 
any  other  plane:  otherwife  the  refinous  plate  of  an  ele<9:ro- 
phorus  is  preferable  to  a  common  table  or  marble  flab  not  pre- 
pared ;  for  thefe  bodies,  being  in  fome  meafure  irtibibed  with 
moifture,  conduct  much  better  than  is  neceflary. 

14.  To  be  more  particular,  I  fliall  add,  that  for  this  pur- 
pofe it  is  better  to  ufe  a  flat  piece  of  marble,  and  to  grind 
it  againjft  the  metal  plate,  till  they  coincide  fo  well  as  to 
fliew  a  fenfible  cohefion  between  them.  Afterwards  the 
piece   of  marble  fliould  be  expofed  for  fcveral  days  to   the 
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heat  of  a  warmed  place^  fuch  as  an  oven,  a  chimney,  &c.  ia 
order  to  expel  the  moifture,  and  to  render  it  quite  fit  for  our 
experiments  r§  12.  13.).  The  marble,  thus  prepared,  will 
continue  dry  for  a  confiderable  time,  except  it  be  long  cxpofed 
to  very  damp  air.  As  for  the  fmall  quantity  of  moifture  which 
the  marble  may  accidentally  and  fuperficially  attra£l,  it  may  be 
removed  by  expofing  it  to  the  fun,  or  to  a  fire,  or  even  by 
wiping  it  with  a  dry  and  clean  cloth,  previous  to  the  per- 
fornilng  of  experiments. 

15.  It  is  not  every  fort  of  marble  that  will  anfwer 
equally  for  this  purpofe.  The  old  marbles,  which  have 
beed  long  preffrved  in  dry  places,  anfwer  better  than  thofe 
which  have  been  recently  dug  from  the  quarry.  The  dif- 
ference of  the  fpecies  of  marble  is  alfo  of  confequence  in  this 
bufinefs ;  I  have  found  fome  marbles  which,-  without  any 
preparation,  anfwer  vaftly  well,  whereas  others  will  not  do 
near  fo  well,  even  when  properly  prepared ;  excepting,  how- 
ever, when  they  are  preferved  hot  during  the  experiment ;  for^ 
in  that  cafe,  they  anfwer  better  than  the  beft  pieces  of  marble 
that  are  not  preferved  hot.  It  is  always  advantageous  to  warm 
the  marble  previous  to  the  experiment. 

I  dt  Inftead  of  preparing  the  piece  of  marble  by  a  long  con- 
tinued heat,  it  will  be  fufficient  to  give  it  a  coat  of  copal  var- 
nifli,  or  amber,  or  lac  varnifh :  after  which  it  muft  be  kept  in 
an  oven  for  a  fliort  time.  By  this  means  even  the  worft  fort  of 
marble  anfwers  very  well,  even  without  previoufly  warming 
or  keeping  it  hot  during  the  experiment. 

1 7.  By  means  of  the  varnifh  even  a  metal  plate  may  be  ufed 
inftead  of  the  marble.  This  ihould  be  firft  made  flat  by  grind- 
ing it  againft  the  upper  plate,  and  then  it  muft  be  varnilhed,  but 
rather  thicker  than  when  the  varnifli  is  laid  upon  the  marble* 
In  this  cafe  both  the  plates  might  be  varniihed,  though  it  is 
fufficient  to  varnifli  one  of  them. 

1 8.  Here  it  may  be  faid,  that  in  faft  we  are  returned  to  the 
eledrophorus.  This  is  true ;  and  indeed  the  varniftied  metal, 
or  marble,  or  wood,  may  be  excited  by  a  very  flight  friftion, 
even  fometimes  by  the  fimple  laying  of  the  metal  plate  upon  it, 
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cfpecially  when  they  are  hot ;  hence  there  is  no  occafion  tr> 
warm  them,  when  they  are  good  for  the  purpofe,  left  they 
fhould  be  fo  well  prepared  as  to  be  eafily  excited,  and  then  adt 
like  an  eleftrophorus. 

1 9.  However,  the  advantages  which  a  vamiflied  plate  has 
above  the  common  eledrophorus  are,  i.  that  the  varnilh  is 
always  thinner  than  the  common  refinous  ftratum  of  an  eleftro- 
phorus.  2.  That  the  varnifh  acquires  a  more  fmooth  and  plain 
furface ;  hence  the  metal  plate  may  be  more  eafilyjL  and  to 
more  advantage,  adapted  to  it. 

20.  Inftead  of  the  above  mentioned  plane  of  marble  or  metat 
varnifhed,  there  may  be  fubftituted,  with  equal  advantage,  any 
fort  of  plane  covered  with  dry  and  clean  oil-cloth  or  oil- 
filk  or  fattin  and  other  (ilk-ftufF  that  is  not  confiderably 
thick ;  which  will  anfwer  very  well,  without  recjuiring  any 
more  than  perhaps  a  flight  warming.  The  filk-ftufFs  anfwer 
better  for  this  purpofe  than  thofe  made  of  cotton  or  wool,  and 
thefe  better  than  linen.  However,  by  a  previous  drying  and 
keeping  them  hot  during  the  experiment,  paper,  leather,  wood, 
ivory,  bone,  and  every  fort  of  imperfeft  conductor,  may  be- 
made  to  anfwer  to  a  certain  degree. 

2 1 .  If  thofe  imperfectly  conducing  fubftances  were  dried 
too  much,  then  they  would  become  quite  eleftrics,  and  confe- 
quently  ufelefs  for  our  purpofe  (as  will  be  made  appear 
better  in  the  fecond  part  of  this  paper),  excepting  when  they 
were  ufed  like  refins,  &c. 

22.  I  muft  not  omit  to  mention  alfo,  that  the  apparatus  may 
be  rendered  more  (impte  by  applying  the  filk  or  other  femi- 
conducing  ftratum  to  the  upper,  viz.  to  the  metal  plate,  which 
is  furniftied  with  a  glafs  handle  hiftead  of  the  marble  or  other 
plate,  which  in  that  cafe  becomes  ufelefs :  for  in  its  ftead  a 
plane  of  any  kind  may  be  ufed,  fuch  as  a  common  wooden  or 
marble  table,  even  not  very  dry,  a  piece  of  metal,  a  book,  or 
other  conduftor,  whether  perfe(9:  or  imperfedl,  it  being-  only 
neceflary  that  its  furface  be  flat. 

In  fail,  nothing  more  is  requifite  for  our  experiment  than 
that  the  eleiSlricity,  which  tends  to  pafs  from  one  furface  to  the 
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other,  fhould  find  fome  refiftance  or  oppofition  in  either  of 
the  furfaces,  as  will  be  made  more  evident  in  the  fecond  part. 
It  is  immaterial  whether  tlie  non-condu<9:ing  or  femi-condufting^ 
ftratum  be  laid  upon  one  or  the  other  of  the  planes,  it  being 
only  neceflary  that  they  Ihould  cx)incide'  very  well  together, 
which  cannot  be  eafily  obtained  when  a  common  table  is  ufed 
for  one  of  the  planes,  which  is  the  only  reafon  why  it  is  better 
tQ  ufe  two  planes  which  have  been  worked  flat  by  grinding  one 
upon  the  other,  and  one  of  them  varniftied,  &c.  A  fingle 
metal  plate,  covered  with  filk,  with  three  filk  firings  fattened 
to  it  by  way  of  a  handle,  may  be  conveniently  ufed  for 
ordinary  experiments. 

23,  Hitherto  we  have  confidered  the  ufe  of  our  condenfer  m 
exploring  the  weak  atmofpherical  eleftricity,  which  is  brought 
down  by  the  atmofpherical  condudor*.  But  this,  though 
the  principal,  is  not  the  only  ufe  to  which  it  may.  be. 
applied.  It  ferves  likewife  to  difcover  the  artificial  eleftricity 
when  this  is  fo  weak  as  not  to  be  difcoverable  by  any  other 
means,  which  happens  in  various  cafes,  fcwne  of  which  I  (hall 
now  proceed  to  mention. 

24.  A  Leyden  phial  charged,  and  then  difcharged  by  touch- 
ing its  coated  fides  three  or  four  times  with  the  difcharging 
rod,  or  the  hand,  feems  to  be  quite  deprived  of  eledtricity,  ycf 

*  Here  it  will  be  proper  to  jnention  a  remarkable  obfervation,  which  I  haver 
made  on  the  atmofpherical  electricity  with  the  help  of  the  conJetffer,  The  late- 
Mr.  CANTON  and  others  affirmed  that  they  had  obtained  (Ironger  figns  of  elc6lriciry 
from  their  atmofpherical  apparatus  at  the  time  of  an  aurora  horealis,  than  at  other 
times ;  but  various  other  philofophers  doubted  of  the  influence  of  electricity 
in  that  meteor,  and  fome  abfolutely  denied  it.  I  myfelf  was  much  in  doubt 
about  it ;  but  at  prefent  Mr.  canton's  aflertion  feems  to  be  eftabltihed  beyond  a 
doubt,  as  Ihave  obferved  by  adual  experiment.  During  the  ikrong  aurora  borealis^ 
which  appeared  in  the  night  of  the  28th  of  July,  1780,  the  light  of  which  rifing  gra- 
dually from  the  horizon,  reached  the  zenith  at  near  eleven  o'clock,  and  enlightened 
the  heavens  with  a  reddifli  light,  the  weather  being  clear  and  windy ;  our  con- 
denfiog  apparatus  being  applied  to  an  atmofpherical  condui^ior,  gave  fine  bright 
fparks  ;  whereas,  at  other  times,  that  is,  in  clear  weather,  and  at  every  hour  of 
the  day  or  night,  the  fame  apparatus  afforded  either  no  fparks  at  all,  or  ex- 
ceedingly fmall  ones,  the  reafon  of  which  was  becaufe  the  faid  conductor  was  not 
much  elevateds 
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if  you  touch  with  the  knob  of  it  the  metal  plate  of  our  con- 
denfer,  when  properly  (ituated  fviz.  upon  an  imperfeftly  con- 
dueling  plane,  &c.)  and  immediately  after  take  up  the  faid 
plate,  this  will  be  found  to  give  very  confpicuous  (igns  of  elec- 
tricity, which  (hew»  that  the  Leyden  phial  is  not  quite  de- 
prived of  cledricity  as  it  appeared.  But  if  the  phial  was  left 
lb  far  charged  as  juft  to  attradt  a  light  thread,  then  if  the  metal 
plate  were  to  be  touched  by  the  knob  of  it,  even  for  a  moment, 
it  would  afterwards,  when  lifted  up,  give  a  ftrcuig  fpark,  and  if 
then  it  were  to  be  touched  again  by  the  knob  of  the  phial,  it 
would  afford  a  fecond  fpark  hardly  fmaller  than  the  former, 
and  thus  fpark  after  fpark  may  be  obtained  for  a  long  time, 
which  is  a  very  furprlzing  experiment. 

This  method  of  producing  fparks  by  means  of  a  phial,  which 
is  not  charged  fo  high  as  to  give  fparks  of  itfelf,  is  very  conve- 
nient for  various  pleafing  experiments ;  as,  forinftance,  that  of 
lighting  the  inflammable  air-piftol,  or  lamp,  contrived  by  me, 
clpccially  when  a  perfon  is  provided  with  one  of  thofe  phials, 
prepared  after  the  manner  recommended  by  Mr.  tiberius 
CAVALLO  *,  which  when  charged  may  be  carried  in  the  pocket 
for  a  long  time.  Thofe  phials,  as  they  retain  a  feniible  charge 
for  feveral  days,  will  retain  an  infenfible  one  for  weeks  or 
months.  I  mean,  by  an  infenfible  charge,  fuch  as  cannot  be 
difcovered  but  by  the  help  of  the  condenfer,  in  which  cafe  it 
becomes  more  than  feniible,  and  fufficient  for  the  experiment 
of  the  inflammable  air-piftol,  &c. 

25.  Secondly,  Suppofe  you  have  an  eleftrical  machine  (b 
badly  In  order  that  its  condu<3:or  will  not  afford  any  fpark,  but 
will  juft  attra£t  a  thread ;  then  if  you  let  this  conduftor  touch 
the  metal  plate  of  the  condenfer,  and  after  fuffering  it  to 
continue  in  that  lituation  for  a  few  minutes,  whilft  the  machine 
is  kept  in  motion,  lift  up  the  metal  plate,  you  will  obtain 
from  it  a  ftrong  fpark. 

26.  Thirdly,  In  cafe  the  electrical  machine  a£ts  very 
well,  but  its  condudor  is  fo  badly  infulated,  that  it  will 
ttot  give  any  fparks,  as  when  the  conductor  touches  the  walls 

*  See  his  Treatife  on  Ele^ricitv. 
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of  the  room,  or  when  a  chain  falls  from  it  upon  the  table ; 
then  if  you  let  the  faid  conductor  in  that  ftate  touch  the  metal 
plate  of  the  condenfer,  whilft  the  eleftrical  machine  is  in 
a£tion,  the  plate  will  afterwards  give  fufficiently  ftrong  figns 
of  eleflricity,  which  Ihews  the  great  power  this  apparatus  has 
of  drawing  and  condeniing  the  eleftricity. 

27.  Fourthly,  The  ufual  way  of  rubbing  divers  bodies,  and 
then  pre(enting  them  to  an  eleftrometer  in  order  to  examine ' 
their  cleftricity,  is  often  infufEcient,  that  is,  it  makes  the  expe- 
rimenter believe,  that  a  body  has  not  acquired  any  eleftricity 
at  all,  only  becaufe  the  quantity  of  it  is  too  fmall  to  affedi  an 
ede£lrometer.     Ift  this  cale  it  is  very  advantageous  to  rub  thole 
bodies  with  the  metal  plate  of  our  apparatus,  which  plate  for 
this  purpofe  muft  be  naked ;  for  if  the  plate  be  afterwards  pre- 
fented  to  an  eleftfometer,  this  will  be  ele£l:rified  confiderably, . 
however   little  eledtricity  the  rubbed   bodies  themfelves  may 
have  acquired.  The  quality  of  this  eledlricity,  viz.  whether  it  be 
pofitive  or  negative,  may  be  eafily  afcertained,  fince  the  eleftri- 
oity   of  the  metal  plate  muft  be  the  contrary  of  that  acquired 
by  the  body  robbed  upon  it.     Mr.  cavallo'  alfo  made  ufe  of 
this  method   to  difcover  the   eleAricity  of    certain   bodies*. 
But  there  is  a  better  method,  to  be  ufed'in  cafe  the  bodies  to 
be  examined  are  not.eofily  adapted  to  the  metal  plate,  which 
method  neither  Mr.  cavallo  nor  others  have  known.     This 
ia  the  following.     The  metal  plate  being  laid  upon  the  im- 
perfeftly   conducing   plane,  the  body  to   be  tried  is  rubbed  * 
againft,  or  is  repeatedly  ftroked,  upon  it ;    which  done,  the 
plate  is  taken  up,  and  is  examined  by  an  eleftrometer.     If  the 
body  tried  by  this  method  is  a  piece  of  leather,  a  ftring,  a 
piece  of  cloth,  or  velvet,  or  other  imperfedl  conductor  of  the 
like  fort,  the  plate  vnW  be  certainly  found  eleftrified,  jfnd  in- 
comparably more  by  this  means  than  if  it  were  ftroked  by  the 
fame  bodies,  whilft  ftanding  infulated  in  the  air.     In  fliort,  by 
either  of  thofe  methods  you  will  obtain  fome  eleftricity  from 
fuch  bodies  as  could  hardly  be  expefted  to  give  any,  even  vdien 
they  are  not  very  dry.     Indeed,   coals  and  metals  excepted^ 

*' See  his  Treatife  on  Ele&ricity,  ps^rt  IV,  chap,  vi, 
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every  other  body  will  give  fome  eleftricity.  I  can  ferther  fay, 
that  I  have  often  obtained  fbme  eledlricity  even  by  ftroking  the 
metal  plate  with  my  naked  hand. 

28.    It  has  been    queftioned,     whether   evaporation,     fer- 
mentation, &c.  produced  any  eleftricity,  and  the  inveftigation 
is   of  confequence  for  determining   fomethmg  certain   about 
the  atmofpherical  eleftricity.     I  know  that  various  perfbns  have 
attempted  in  vain  to  difcover  electricity  in  thofe  cafes.  Some  ex- 
periments of  mine  relating  to  this  purpofe  had  alfo  failed;  never- 
thelefs,  I  entertained  fome  hopes  of  fucceeding,  as  I  had  for  a 
great  while  imagined,  that  effervefcence,  diflblution,  evapora- 
tion, ^c.  by  diuurbing  the  natural  form  and  fituation  of  the 
particles  of  bodies,  ought  to  have  increafed  or  diminiflied  the 
capacity  of  the  bodies  contiguous  to  thofe  in  a£tion,  and  con- 
fequently  ought  to  have  occafioned  in  fome  cafes  a  rarefa£tion, 
and  in  others  a  condenfation  of  the  eleftric  fluid.     Being  per- 
fuaded  of  this  theory,  I  thought  that  the  eleftricity  produced 
in   thofe  cafes  was  not  difcovered,  partly  bccaufe  of  its  fmall 
quantity,   and  partly   bccauie  the   infulation  was  almofl:  de- 
ftroyed  by   the  vapours  that  rofe,  and  I  imagined,  that  by 
a  greater  accuracy,    and  by    multiplying    the    experiments, 
I  Ihould   fome   time  or    other   difcover  it  *•       It    is    about 
two  years  fince,  that  having  gradually  been  able  to  condenfe 
the  electricity  to  a  great  degree  by  means  of  the  above  defcribed 
apparatus,  I  again  thought  of  repeating  my  old  experiments 
about  the  evaporation,  &c.  and  entertained  much  better  hopes 
of  difcovering  fomething  new  about  it,  almoft  forefeeing  the 
event ;  but  various  occupations  deferred  thofe  experiments  till 
the  months  of  March  and  April  of  the  prefent  year   1782, 
when  being  at  Paris,  in  company  with  fome  members  of  the 
Royal  Academy  of  Sciences,  I  at  laft  fucceeded  in  obtaining 
clear  figns  of  eleftricity,  nay  and  even  the  .fpark,  -from  the 
evaporation .  of  water,    from  the  fimple  combuftion  of  coals, 

*  All  thefe  thoughts  are  mentioned  in  a  Latin  diflcrtattODy  printed  in  the  year 
1769,   and  entitled,  De  I'i  fit^ra^in;a  i^nis  fkttriciy  ac  fhteuomems  indc feruikntibus^  ad 
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a^id  'from  variom  efi^rvdcences^  ;as  thpfe  which  :|njOduce.iu« 
flammable  air,  fixed. air,  and  nitrous  air. 

29. 1  (hall  finifli  the  firft  part  of  this  paper  Avith  obfewiug,  that 
befides' the  abovemeiitioned  ufes,  to  which  our  coiidenf:ijg  ap* 
parat^s  may  be  tipplied,  the  vaiiaus  experiments  which  may  be 
made  with  it  tlKow^grclt  light  upaxi  the  theory  .of  eledric 
atmoipheres  in  general,  oi  which  we  arc.gpiixg  ta  treat  in  the 
jfecoud  part. 
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30.  The  experiments  related  in  the  ft)regoing  piigcs  have 
ihewn  how  ealily  a  metal  plate,  or  other  conducing  plain 
furface, '  when  properly  fituated,  can  draw  the  eledric  fluid 
upon  itfelf  from  a  weak  atmofpherical  eledlricity,  from  a  Ley- 
den  phial,  &c.  fo  as  to  render  its  effects  much  more  confpi-^ 
euous  a«d  vigorous.  It  is^nowneceflhry  to  give  an  explanation 
of  thofe  phenomena,  the  theory  of  which  will  grc?itly  fiicili* 
tate  the  pradical  performance  of  this  fort,  of  experiments. 

31.  The  whole  matter,  therefore,  may  be  reduced  to  this, 
<D/s.  that  the  metal  plate  has  a  much  greater  capacity  for  hold- 
ing eleftricity  in  one  cafe,  viz.  when  it  lies  upon  a  proper 
plane  (as  mentioned  in  §  1 1.  I2r  22,)  than  when  it  ftands  quite 
infulated,  as  when  it  is  fufpended  in  the  air  by  its  filk  ftrifigs 
or  inililating  handle,  or  when  it  ftands  upon  an  infuladng 
iland,  as  a  thick  ilratumof  refin  or  the  like. 

32.  It  is  eaiy  to  comprehend,  that  .wherever  the  capacity  of 
holding  eleftricity  is  greater,  there  the  intenfity  of  eledlricity 
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h  proportionably  Icfs,  vi%.  a  greater  quantity  of  ele^riirtty  is 
in  that  cafe  required,  in  order  to  raite  its.  intenfity  to  a  given 
degree;  fo  that  the  capacity  is  inverfely  as  the  intenfity y  by 
which  word  I  mean  the  endeavour  by  which  the  ele&ricity  of 
an  eleftrified  body  tends  to  efcape  from  all  the  parts  of  it,  to 
which  tendency  or  endeavour  the  electrical  phenomena  of  at- 
traftion,  repulfion,,  and  efpecially  the  degree  of  elevation  of 
an  electrometer,  correfpond. 

33.  That  the  inten^ty  of  electricity  muft  be  inverfely  propor- 
tional to  the  capacity  of  the  body-  eleCtrified,  will  be  clearly, 
exemplified  by  tiie  following  experiment.     Take  two  metal  rods 
of  equal  diameter,  but  one  of  them  a  foot,  and  the  other  five 
feet  long ;  and  let  the  firft  be  eleCbified.  fo  high  %s  that  th^ 
index  of  an  eleCtrometer  annexed  to  it  may  be  elevated  to  60**  j; 
then  let  this  eleCtrified  rod  touch  the  other  rodj  and  in  that  cafe 
it  is  evident,  that  the  intenfity  of  the  eleCtricity,  by  being  parted^ 
between  the  two  rods^,  will  be  dinjiniflied  n\  pro^rtion  as  the  ca- 
pacity is  increafed ;  fb  that  the  index  of  the  eleCtrometer,  which 
before  was  elevated  to  60° j.  will  now  fall  to  10'',  wk*  to  one-fiixth, 
of  the  former  ihtenfity,  becaufe  now  the  capacity  is  fix  times 
greater  than  when  the  feme  quantity  ofeledtricity  was.oon- 
hncd  to  the  firit  rod  alone.     For  the  fame  reafon,  if  the  faiJ 
quantity  of  cleCtricity  was  to  be  communicated  to  a  rod  fixty 
times  longer,  its  intenfity  would  be  diminished  to  one  degree; 
and,  on  the  contrary,  if  the  eleCtricity  of  this  long  conductor 
was  to  be  contracted  into  the  fixtieth  part  of  that  capacity,  its 
intenfity  would  be  increafed' to  60"". 

34.  Now  not  only  conductors  of  different  bulk  have  diff 
ferent  capacities  for  holding  eleCtricity,  but  alfo  the  capacity  of 
the  fame  conductor  may  be  increafed  or  diminifhed  by  various 
circumftances,  fome  of  which  hav,e  not  yet  been  properly  con^ 
fidered.  It  has  been  obferved,  that  the  capacity  of  the  fame 
condudor  is  increafed  or  diminifhed  in  proportion  as  its  furfac^ 
is  enlarged  or  contracted,  asis  fhewn  by  Dr.  franklin's  expe* 
riment  of  the  can  and  chain,  and  various  other  experiments^ 
fyorn  whiqh  it  has  been  concluded,  that  the  capacity  of  con- 
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duftors  is  in  proportion  to  their  furface,  and  not  to  their  quan* 
tity  of  matter. 

^^.  This  conclufion  is  true,  but  does  not  comprehend  the 
whole  theory,  -fince  even  the  extenHon  contributes  to  increafc 
the  capacity ;  (o  that  of  two  condudlors,  which  have  equal  but 
diffimilar  furfaces,  that  which  is  the  more  extended  in  length 
has  the  greater  capacity*.  In  (hort,  it  appears  from  all  the 
experiments  hitherto  made,  that  the  capacity  of  conduftors  is 
in  proportion  not  to  the  furfaces  in  general,  but  to  the  furfaces 
nvbicb  are  free  ^  or  uninfluenced  by  an  homologous  atmofphere. 

36.  But  that  which  comes  nearer  to  our  cafe  is,  that  the 
capacity  of  a  conductor,  which  has  neither  its  form  nor  furface 
altered,  is  increafed  when,  iniftead  of  remaining  quite  infu- 
lated,  the  G6ndu6lor  is  prefented  to  another  condudior  not  infu- 
lated*;  and  this  increafe  is  more  confpicuous,  according  as  the 
Surfaces  of  thofe  conductors  are  larger  and  come  nearer  to  each 
other. 

When  an  infulated  condu£k)r  is  oppofed  or  prefented  to  ano- 
ther condu&or  whatever,  I  call  it  a  conjugate  conduSor. 

yj^  The  circtimftance  nientioned  in  the  precediixg  paragraph, 
-which  augments  prodigioufly  the  natural  capacity  of  con- 
'<]u£fcors,  is  that  which  I  find  to  have  been  hitherto  principally 
overlooked,  far  from  any  advantages  having  been  deduced  from 
4t ;  but  let  us  begin  with  thoie  experiments  which  (hew  this 
Increafed  capacity  in  the  Hmpleft  manner.  1  take,  for  example,  the 
metal  plate  of  an  eledtrophorus,  and  holding  it  by  its  infulating 
handle  in  the  air,  electrify  it  fo  high  that  the  index  of  an 
ele^kometer  annexed  to  it  might  be  elevated  to  60'',  then  lower- 
ing this  metal  plate  by  degrees  towards  a  table  or  other  con^ 
fading  plain  furface,  I  obferve  that  tlie  index  of  the  electrometer 
falls  gradually  from  60""  to  50%  40"",  30"",  &c.  Notwithftanding 
this  appearance,  the  quantity  of  ele£lricity  in  the  plate  re? 
mains  the  fame,  except  the  faid  plate  be  brought  fo  near  the 
table  as  to  occafion  a  tranfmiilion  of  the  electricity  from  the 

*  See  my  Diflertation  on  the  Capacity  of  Condudort,  publiflied  at  Milan  in 
the  OpnfcQli  Sethi  for  the  year  1778 ;  and  alfo  in  hozier's  Journal  for  the  enfuin^ 
year. 
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former  to  die  latter;  at  leaft  the  quantity  of  elc£hicity  will 
remain  as  much  the  fame  as  the  dampnefb  of  the  air,  &c.  will 
ncrinit.  The  dccreafe,  therefore,  of  intenfity  is  owing  to  the 
mcrealed  capacity  of  the  plate,  which-  now  is  not  ittltilaled 
folltary  but  conjugate.  In  proof  of  this  propoiifion,  if  the 
plate  be  removed  gradually  farther  and  feirther  from  the  table,  it 
will  be  found,  that  the  eleftrometer  rifes  again  tp  its  former 
ftation,  namely  to  60°,  excepting  ihe  lofs  of  that  quantity  of 
eleftricity,  which  during  the  experiment  muft  have  been  more 
or  lefs  imparted  to  the  air,  &c. 

38.  The  reafon  of  this  phenomenon  is  eafily  derifed  from  the 
a£lion  of  eleftric  atmofpheres.  The-  atmofphere  of  the  mietai 
plate,  which  for  the  prefent  I  (hatt  filppofe  to  be  eledrt&ed 
pofitively,  a£ts  upon  the  table  or  other  conduftor  vhafiever  to 
which  it  is  prefcnted ;  fo  that  the  eleftric  fluid  of  the  table, 
agreeably  to  the  known  laws,  retiring  to  the  remotser  parts  of 
it,  becomes  more  rare  in  thofe  parts  which  are  expoiied  to  the 
metal  plate,  and  this  rarefaction  becomes  greater  tne  nearer  the 
eleftrified  metal  plate  is  brought  to  thextaW^.  If  th©  metal 
plate  IS  electrified  negatively,  then  the  contrary  efleds  rnuft 
take  pldce.  In  (hort,  the  parts  immerfed  into  ti^e  fphere  of 
adion  of  the  eleft  rifled  metal  plate,  con  trad  a  contrary  efedri^ 
city,  which  accidental  cleftvkity,  making  in  fome  manner  a 
cortipenfation  for  the  real  eleftricity  of  the  nrietal  plate^  dimi^ 
ni/hes  its  intenfity,  as  is  fhewn  by  the  deprefik»n  of  die  ekc« 
trometer  (§  37.). 

39,  The  two  following  experiments  w»ill  throw  more  li^t 
iipou  the  reciprocal  aftioh  of  the  ek6):ftt:  atmofphtfts*  Firft, 
iuppofe  two  flat  conductors,  eleftrilied  both  polltively  or  both 
i>egatively,  to  be  prefented  towards,  and  to  be  gradually 
brought  near,  each  oHier:  it  will  appear,  by  two  annesced 
ele£tromfeters»  that  the  nearer  thofe  two  condudors  come  to 
each  other,  the  more  their  intenfities-  will  increaie ;  which 
fhe%vs,  that  either  of  the  two  tMJug^u  candti£lors  hos  a  inach 
lefs  capacity  now  than  when  it  was  fingly  infulated,  and  out 
of  the  influence  of  the  other.  This  exptriment  explains  the 
feafpn  why  an  electrified  condudor  will  Ihew  a  greater  intenfity 
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when  it  comes  to  be  contracted  into  a  frxialler  bulk ;  and  alfo 
why  a  long  extended  conduftor  will  Ihew  a  lefs  intenfity  than  a 
wore  compa^ft  pne,  .fupppfnig  that  their  quantity  of  furfate 
and  of  electricity  is  the  fame ;  becaufe  the  homologous  atmo- 
fplieres.  of  their  p^rta  interfere  lefs  with  each  other  in  the 
fo^cmer  than  in  t];ie  latter  qafe. 

49.  $e<;ondly.  Let  the  preceding  experiment  be  repeated 
i«il;hj  this  v4i;iatioo  oply,  viz.  that  one  of  the  flat  conductors 
be  ele£lrifTfc4  pofi,^i,veIy,  Juad  the  other  negatively :  the  efFeCts 
^er^  Ayili  b^  jufl}  the  r^yerfe  of  the  preceding,  viz.  the  inten- 
i^y  of  ^h?i^  electricities  vf^\  be  diminifhed,  l;)ecaufe  their  capa* 
cities  a^«  inci;ea|fed  tjh^  nearer  the  coiiduCtors  come  to  each  other, 

4 1  •  1m,  us  now  ^l^y:  the  expJtanatiwi  of  this  laft  experi- 
pieat  tp  the  other  experiment  ipention^  in  §  38.  viz.  that  of 
bringing  th,e  e^eCtrified  nietail  pla^e  towards  a  conducting  plane 
which  is  npt  iixlulate^ ;  iox  as  ihis  plane  acquires  a  contrary 
deCiriqity,^  it  follpws^  th^t  the  iiitenlity  of  ^^q  ip^tal  pl^te's^ 
electricity  muft  be  diiTlinift^^  i  ^^PW?  th?  an^ne^Ci^  ele^rpnjeter 
\%  di^preflfed  accprdir]ig  as  fix?  capafjity  pf  ^Jje  pl^^e  ^.  ui,creaCedy 
ai^d  coRfeQMf  ut^y  th?  plate  m  3\^t  ^a^  VM^^  r.eqeiye  ^  %v^%\^ 
qif^i^ify  of  ^Jqa^^iqty. 

^^  Tt^is  JWijtq^  puy  Ij^  4rOo4?^^4  9^^  nc^ore  ekair  ^y  ii^fu^ 
lating  thei  ppi^uC^U^  nja^e^  Yrhi^  the  ptl^er  eleCl^rjji^  pjate  \^ 
upqftLt,  ai?4  ^ftej^wards  fep^i;?t^iig  t.t^eni ;  fo.r  tl^en  •  bath  '  thq 
\mA  pl»l?  5W4  the  cp^duaing  nlft^^e  (wh^ch  p[^ay  be  called  thft 
itjf^rior  pla^i^)  yifi^l  b?  iwK^A'  ^^^f\^^^r  but  poftefled  of  con4 
ir^  eleCtr^rit^^s-,  a^  iiyiy  beafcprtJjii^ed.by  pWC^rroi^^^ 

43.  If  the  inieripr*  pl^n^  i^  jr|fiilate4  firili,  auf^  then  the 
•fJ^Ctrified  pl^te  fs  brpwglit  oyer  it,  th^x  fhe  li^tter  will.caui^- 
9n  endeavour  ^x  the  former  to  acquire  a  coptrary  ejeCtripity^ 
which,  Iwvifever,  thp  infiilR|:io;^  prevents  frqipi  t^ing  place  ? 
Ixcnce  the  in^^nlity  of  the  pipftficit^r  of  the  plate  is  hot'  dirnir 
Wfti^,  at  Ipaft  f^e  elcCtrpfl^ie^er  will  .j!hew  a  very'  llttje  au^ 
aJ»api^.ii)[ipftr9ftp^tjle^^P^^e|ripp  w^hjch  .fqiall  jjepjreflipn  isowii^j 
tW  Xhe  ifl3^ep^Ciipift  pi  .tl)e  ipfiijation  pf  the  interior  plane,,  ant^ 
to  the  fro^ilj  r^refiiCt;on  ^d  ctjndenfation  of  the  eleC!tric  fluid^ 
which  may  takp  place  \t\  diff?rpnt  parts  of  the  faid  inferior 
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plane.  But  if  in  this  fituation  the  inferior  plane  be  touched  fo 
as  to  cut  off  the  infulation  for  a  moment,  then  it  will  imme- 
diately acquire  the  contrary  eledricity,  and  the  intenfity  in  the 
metal  plate  will  be  diminiflied. 

44.  If  the  inferior  plane,  inftead  of  being  infulated,  were 
itfelf  a  non- conducing  fubftance,  then  the  fame  phenomena 
would  happen,  viz.  the  intenfity  of  the  eleftrified  metal  plate 
laid  upon  it  would  not  be  dimmiflied.  This,  however,  is  not 
always  the  cafe ;  for  if  the  faid  mferior  non-condu<Sling  plane 
IS  very  thin,  and  is  laid  tipon  a  conduftor,  then  the  intenfity 
of  the  eledrified  metal  plate  will  be  diminiflied,  and  its  capacity 
will  be  increafed  by  being  laid  upon  the  thin  infulating 
Jftratdm  ;*  becaufe.  in  that  cafe  the  condudking  fubflancc,  which 
ftands  under  the  non-condufting  flratum,  acquiring  an  elec- 
tricity contrary  to  that  of  the  metal  plate,  will  diminifli  its 
intenfity,  &c.  and  then  the  infulating  ftratum  will  only  dimi- 
nifli  the  mutual  action  of  the  two  atmofpheres  more  or  lefs, 
according  as  it  keeps  them  more  or  lefs  afunder. 

45.  The  intenfity  or  eleftric  a£lion  of  the  metal  plate,  which 
dimmiflies  gradually  as  it  is  brought  nearer  and  nearer  to  a  con- 
du£ting  plane  not  infulated,  beconies  almoft  nothing  when  the 
plate  is  nearly  in  contact  with  the  plane,  the  compenfatian  or 
accidental  balance  being  then  almoft  perfeA.  Hence,  if  the 
inferior  plane  only  oppofes  a  fmall  refiftance  to  the  pairafi;e 
of  the  eleftricity  (whether  fuch  refiftance  is  occafioned  by  a  thm 
eleflric  ftratum,  or  by  the  plane's  imperfeft  conducing  nature, 
as  is  the  cafe  with  dry  wood,  marble,  &c.) ;  that  refiftance  joiaed 
to  the  interval,  however  fmall,  that  is  between  the  two  planes, 
cannot  be  overcome  by  the  weak  intenfity  of  the  eleftricity  of 
the  {.metal  plate,  which  on  that  account  will  not  dart  any  fpark 
to  the  inferior  plane  (except  its  eledlricity  were  very  power- 
ful, or  its  edges  not  well  rounded)  and  will  rather  retain 
its  elcftricity ;  (6  that,  being  removed  from  the  inferior 
plane,  its  eleftrometer  will  nearly  recover  its  former  height, 
fiefides,  the  eledrified  plate  may  even  come  to  touch  the 
imperfeftly  conducing  plane,  and  may  remain  in  that  fitua- 
tion  for  fome  time;  in  which  cafe  the  intenfity  being  reduced 
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almoft  to  nothing,  the  ele£tricity  will  pafs  to  the  inferior  plane 
exceedingly  flowly. 

46.  But  the  cafe  will  not  be  the  fame  if,  in  performing  this 
experiment,  the  eleftrified  metal  plate  be  made  to  touch  the 
inferior  l^\?J^t  edgewife  i  for  then  its  intenfity  being  greater 
than  when  laid  flat,  as  appears  by  the  eleftrometer,  the  elec- 
tricity eafily  overcomes  the  fmall  reliftance,  and  paffes  to  tha 
inferior  plane,  even  acrofs  a  thin  ftratum  *  ;  becaufe  the  elec- 
tricity of  one  plane  is  balanced  by  that  of  the  other,  only  in 
proportion  to  the  quantity  of  furface  which  they  oppofe  to 
each  other  within  a  given  diftance:  whereby  when  the  metal 
plate  touches  the  other  plane  in  flat  and  ample  conta6l  its  elec- 
tricity is  not  diffipated.  This  apparent  paradox  is  clearly  ex- 
plained by  the  theory  of  eleftric  atmofpheres. 

47,  What  looks  more  like  a  paradox  is,  that  neither  will 
the  touching  the  metal  plate  with  a  finger,  or  with  a  piece  of 
metal,  deprive  it  of  all  its  eleftricity,  whilft  ftanding  upon 
the  proper  plane ;  fb  that  it  generally  leaves  it  fo  far  eleftrified 
that,  when  it  is  afterwards  feparated  from  that  plane,  it  will 
ftill  afibrd  a  fpark.  Indeed  this  phenomenon  could  not  be  ex- 
plained upon  the  fuppofition  that  the  finger  or  the  metals  were 
perfect  conductors.  But  fince  we  do  not  know  of  any  perfect 
conduftor,  the  metalsor  the  finger,  oppofe  a  refiftance  fufli* 
cient  to  retard  the  immediate  diffipation  of  the  electricity  of  the 

*  This  explanation <  properly  applied,  renders  evident  the  actions  of  points  in 
general.  Properly  fpeaking,  a  pointed  conductor,  not  infulated,  when  prefcnted 
to  an  eiedrified  body,  has  not  in  itfeif  any  particular  virtue  of  attrading  elec- 
tricity. It  adU  only  like  a  condu£)or  not  infulated,  which  does  not  oppoie  any 
refiilnnce  to  the  paflage  of  the  eledtric  fluid.  If  the  fame  conductor,  indead  of 
being  pointed,  was  to  prefent  a  globular  or  flat  furface  to  the  eledrified  bodyi 
neither  would  it  in  that  cafe  oppofe  a  greater  reiidance  to  the  paifage  of  tht^ 
deftricity.  But  the  reafon  why  the  electricity  will  not  pafs  nearly  fo  eafily  from, 
thcele^rified  body  to  the  conductor  when  it  is  flat  or  globular,  as  when  it  is  pointed,* 
is  becaufe  in  the  former  cafe  the  intenfity  of  the  elecSlricity  in  the  ele«ftrified  body  iy 
weakened  by  the  oppofed  flat  furface,  which,  acquiring  the  contrary  ele£lricity/ 
eompeufates  the  diminiftied  intenfity  incomparably  more  than  a  point  can.  It 
appears,  therefore,  that  it  is  not  the  particular  property  of  a  point  or  of  a  fl.u 
furface,  but  the  different  (late  of  the  electrified  body,  that  makes  it  part  with  its 
«le£tricity  eaiier,  and  from  a  greater  di (lance,  when  a  pointed  coududtngfub-* 
iUnce,  than  when  a  flat  or  glot:>ular  one  is  prefeotcd  to  it*  , 
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plate,  which  Is  Tn' that  cafe  a^tuaYedby'aVery  fhiall'degrife  ijf  Iti- 
tenfity  or  endeavour  of  expandiog ;  to  that  luppofc; foriiiftilfict, 
that  the  piece  of  metal,  or  the  linger  by  'touching  die^  fJtite, 
took  off  fo  much  of  its  ele<3:ricity  asTo  reduce  ili'e  iutctifhy^^f 
^he  remamder  to  the  fiftieth  part  of 'a  degree  j  "this  rtto^in- 
hig  eleftricity  would  then  be  almoft  nothihg;  but  whehth* 
plate,  by  being  feparated  from  the  inferior  plane,  has  Its  capa- 
city fo  far  diminilhed  as  to  render  tjieintenfity  of  its  eleftricity 
I  GO  times  greater,  then  the  intenfity  of  that  rehiaihihg  eteftri- 
city  would  become  of  two  degrees  or  more,  w^;.  Tufficieiit  to 
aSbrd  a  fpark. 

48.  Hitherto  we  have  corifidered  in  what  manner  the  action 
of  elcdtric  afmofpheres  miiTl  modify* the  eledlricity  of 'theinc- 
tal  plate  in  its  various  Tituatloris.  We  muft  now  cohfid6r  the 
effeds  vvhich  take  place  when  the  eleftrlcityis  communicated 
to  the  metalplate  whilfl  ftanding  upon  the  proper 'plaice.  The 
whole  bufihefs  haviug 'been  provedin  thc-preceding'pages,  it 
is  cafy  to'deduce  the  applications  from  it ;  ne\^erthelefs,  itHviU 
be  ufeful  to  exemplify  It  by  an  experiment.  'S'uppofe'thata 
Leydeu  phial  or  a  conduftbr^ere  fo  weakly -ele^Sltlfied  that  the 
iritenfity  of  its  ele^lficity  was  only  of  h^lf  a  degree  or  evett 
lefs  :  if  the  nietal  plate  of  our  apparatus,  when  Handing  upon 
the  proper  plane,  was  to  be '  touched  with '  that  phial  or  con- 
du£l6r,  it  is  evident,  that  either  of  them  would  impart  fo  it  a 
quantity  of  its  eledlricity,  proportional  to  the  plate's  capacity, 
w«.  fo  mtich  of  it  as  (hould  mffke  the  inteniity  of  the  ele^ricity 
of  the  plate  equal  to  that  of  the  eleftricity  in  the  conduftor 
or  phial,  fuppofe  of  half  a  degree ;  but  the  plate's  capacity, 
now  that  it  lies  upon  the  proper  plane,  is  above  100  times 
•reater  than  if  it  ftood  infulated  in  the  air,  or,  which  is  the 
[ame  thing,  it  requires  1 00  tithes  more  eleftricity  in  order  to 
fhew  the  fame  intenfity ;  therefore,  in  this  cafe  it  mufl:  require 
upwards  of  100  tim€s  more  eleftricity  from  the  phial  or  con- 
duftor.  It  naturally  follows,  that  when  the  metal  plate  is  after- 
wards removed  from  the  proper  plane,  its  capacity  being  leflened 
ib  as  to  remain  equal  to  the  looth  part  of  what  it  was  beibre, 
the  intenfity  of  its  ekCtricitymuA:  become,  of  50'' ;  fin^ei^gree- 
3  ably 
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aWy  to  the  fuppofition,  the  uitenfity  of  the  cleftriclty  In  the 
phial  or  condudor  was  of  half  a  degree. 

49*  A  condu&or  that  is  eleflrified  whilft  it  (lands  in  full  and . 
tKnple  contaA  with  another  proper  condudor,  as  above  fpeci- 
fied,  and  is  afterwards  feparated  from  it,  (hews  the  fame  phe* 
nbmena  that  are  exhibited  by  a  condu£tor,  which,  after  being 
eledrified,  is  contraAed  into  a  fmaiier  bulk,  or  contrariwife, 
like  Dr.  franklin's  experiment  of  the  can  and  chain  (§  35.) 

50.  If  a  fmali  quantity  of  eleftricity  applied  to  the  metal  plate 
of  the  condenfer  enables  it  to  give  a  ftrong  fpark,  it  may 
be  a(ked,  what  would  a  great  quantity  of  ele£lricity  do  ?  The 
anfwer  is,  that  it  would  do  nothing  more,  becau(e,  when  the 
electricity  communicated  to  the  metal  plate  is  (b  ftrong  as  to 
overcome  the  fmall  re(i(lance  of  the  inferior  plane,  it  will  be 
diflipated. 

51.  After  all  that  has  been  faid  in  the  preceding  pages, 
it  may  be  ea(ily  underfiood,  that  If  the  metal  plate  of  our  coi^-* 
denfer  can  receive  a  good  (hare  of  eleftricity  from  a  Leyden 
phial  *,  or  from  an  ample  conductor,  however  weakly  electri- 
fied; it  cannot  receive  any  coniiderable  quantity  of  it  from  a 
condador  of  a  fmall  capacity ;  for  this  condu^ior  cannot  give 
what  it  has  not,  except  it  were  continually  receiving  a  ftream, 
howfbever  (hiall,  of  eleCtricity,  as  is  the  cafe  with  an  atmo- 
fpherical  conductor,  or  with  a  prime  conductor  of  an  eledrical 
machine,  which  a&s  very  poorly  but  continues  in  action.  In 
thofe  cafes  it  has  been  obferved  above  (§  4.  25.)  that  a  confi- 
derable  time  is  required  before  the  metal  plate  has  acquired  a 
fufficient  quantity  of  electricity.  - 

51.  As  an  ample  conductor,  weakly  eleCtrified,  imparts  a 
confiderable  quantity  of  eleCtricity  to  the  metal  plate  of  our 

*  In  my  Paper  on  the  Capacity  of  Umple  ConduAors  is  (hewn  the  great  capa* 
city  of  a  Leyden  phial  in  comparifon  to  its  bulk,  jufl  becaufe  the  eledricity, 
which  ift  communicated  to  one  of  its  furfaces,  is  balanced  by  the  contrary  eledi^ri- 
city  of  the  oppofite  furface.  There  I  fliew,  that  the  capacity  of  x6  fquare  inches- 
of  coated  furface  is  equal  to  the  capacity  of  a  condu^or  made  of  filvered  cylin* 
drical  fiicks,  and  nearly  100  feet  long,  the  capacity  of  which  is  fo  great  that  its 
(park  occafions  a  fliock  confiderably  ftrong* 
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condenC^r,  fo  that  when  thefaid  metal  plate  is  afterwards  fepa-- 
rated  from  its  proper  plane,  the  eleftricity  in  it  appears  much 
condtnfed  and- vigorous ;  fo  when  the  fame  metal  plate  con- 
tains a  fmall  quantity  of  eleftricity,  and  fuchas  cannot  give  a 
fpark  or  affedt  an  electrometer,  that  elefihricity  may  be  rendered 
very  confpicuous  by  communicating  it  to  another  fmall  metal 
plate  or  condenfer. 

Mr.  CAVALLo  was  the  firft  who  thought  of  this  improve- 
ment, which  he*  derived  by  rcafoning  upon  my  experiments^ 
He  a^ually  mad^  a  fmall  metal  plate  ivot  exceeding  the  fize  of  a 
(hilling:  this  fecond  condenteris' certainly  of  great  u(e  in  many 
cafes,  in  which  the  eleftricity  is  fo  frball  as  not  to  be  at  .all,  or 
not  clearly,  obfervable  by  my  method  or  a  firft  condenfer  onlVy 
as  has  been  evidently  proved  by  fome  experiments  wre  made 
together.  Sometimes  the  ufual  metal  plate  of  my  condenfer 
acquired  fo  fmall  a  quantity  of  ekftiiicity,.  that  being  after- 
wards taken  up  from  the  iriferiori  plane,  and  prefented  to  air 
extremely  fenfible  eledrometer  of  Mr.  cavallo's  conitru£tion^ 
it  did  not  afFe<Et  it.  In  this  cafe,  if  the  faid  metal  plate,  thus 
weakly  electrified,  was  made  to  touch. the  other  iiinair plate 
properly  fituated,  and  that  was.  s^fterwards  brought  near i an- 
eledtrometer,  the  electricity. was  then  generally  ftronger  than 
what  would  have  been  fufficient  taifcertain.its,qualityv 

Now,  if  by  the  help  of  both  vcondcnfers  the  intenlity  of  the 
electricity  has  been  augmented .  loc^D  times^  which  is^  by  no-: 
means  an  exaggeration,  hcVw  weak  muft  then  be  the  electricity  . 
oC  the  body  examined?  how.  fmall  muft. that  eleCbcicity  be 
which  is  produced  by  rubbing  a.:>piece  *of  aijMtil -with  one*s 
hand,  (ince  when  this  eleCtricity  is.  condenfod  by.  botli  coa- 
denfers,  and  tlien  is  communicated  to  an  eleCtrometer^  it'can 
hardly  affeCt  that  inftrument  ?  Yet  it  is  fufficient  to  afford  con- 
viction, thnt  the  metal  can  be  .eleCtrified  by  the  frldtion  of  a 
perfon*s  hand.  Some  years  ago,  viz.  before  the  difcoyery  of 
our  condcnlcr,  and  of.  Mr/  caval-lo's  fenfiule  eleCtrorae^cr,- 
we  were  very  for  from  being  able. to  difcover  fuch  weak  excita- 
tions; whereas,  at  prefent,^  we  can  obferve  a  quantity  of  elec- 
tricity incomparably  finaller  than  the  fmalleft  obfervable  at 
tJiolc  times. 

c  . .  '      A  P- 
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APPENDIX. 


IN  §  28-  I  mentioned,  that  after  various  attempts  I  At  laft 
Succeeded  in  obtaining  undoubted  figns  of  eledricity  from  the 
iimple  evaporation  of  water,  and  from  various  chemical  effeir- 
vefcences';  but  as  this  is  a  fa£J:  not  lefs  interefting  tha'i  new, 
it  feeras  proper  to  fubjoinin  this  place  a  faithful  account  of  the 
experiments  made  for  that  purpojfe.  The  firft  fet  of  experi- 
ments were  made  at  Paris,  in  company  with  Mr,  lavotsier 
and  Mr.  de  la  pjlace,  two  intelligent  philofophers  and  mem- 
bfers  of  the  Rpyal  Academy  of  Sciences.  After  I  had  /hewn 
them  my  experiments  with  my  condenfer,  they,  as  well  as 
myfelf,  began  to  entertain  hopes  of  fucceeding  in  the  experi- 
ments on  the  evaporation,  &c.  Accordingly  Mr.  lavoisier 
ordered  a.  large  condenfer  with  a  marble  plane  to  be  made.  The 
•firft  experiment  I  attempted  with  this  inftrument,  in  company 
with  Mr  DE  LA  PLACE,  proved  unfuccefsful ;  but  the  weather 
at  that  time  was  bad,  the  room  was  narrow  and  full  of  va- 
^pours,  and  the  apparatus  was  not  quite  in  proper  order. 
Mr.  DE  LA  PLACE  and  Mr.  lavoisier  repeated  thofe  experi- 
tnents  in  the  country,  and  then  they  were  attended  with  (iic- 
cefs,  which  incited  us  to  repeat  and  diverfify  the  experiments, 
by  \;*^hich  means  the  difcovery  was  compleated;  having  ob- 
tained unequivocal  figns  of  eleftricity  from  the  evaporation  of 
water,  from  the  fimple  combuftion  of  coals,  and  from  the 
effervefcence  of  iron  filings  in  diluted  vitriolic  acid.  This  ob- 
fervation  was  made  the  13th  of  April  of  the  prcfent  year  1782, 
and  the  experiments  were  performed  in  the  following  manner. 
In  an  open  garden  a  long  metal  plate  was  infulated,  which, 
hy  means  of  a  large  iron  wire,  was  made  to  communicate 
witli  the  metal  plate  of  the  condenfer  laid  upon  the  piece  of 

£  z  marblCy 
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marble,  which  was  kept  continually  warm  by  feme  lighted 
coals  fet  underneath.  This  done,  iome  chafing-difhes^  cdi> 
taining  burning  charcoal,  were  placed  upon  the  large  hifulated 
plate.  The  combuftioii  of  the  coak-  was  helped  by  a  gentle 
wind.  Some  minutes  after,  the  iron  wire,  by  which  the  large 
infulated  plate  was  connefted  with  the  metal  plate  of  the  con- 
denfer,  was  taken  off;  then  the  metal  plate  being  removed  from 
the  marble  by  its  infulated  handle,  and  prcfented  to  Afir.  CA- 
V  Ai.Lo's  electrometer,  made  the  balls  of  it  diverge  with  negative 
eledlricity.  The  experiment  was  repeated  hj  placing  upon  the 
large  infulated  plate  four  veflels,  containing  iron  filings  and 
water,  in  (lead  of  the  chafing-diflies  :  then  fome  vitriolic  acid 
was  poured  into  thofe  four  veflels,  fufficient  to  caule  a  vigor- 
ous effervelcence,  and  when  the  ftrongeft  ebullition  was  going 
to  fubfide,  the  metal  plate  of  the  condcnfer  was  removed  from 
over  the  marble ;  and  being  examined,  not  only  eledrified 
the  eledlrometer  with  negative  efeftricity,  but  gave  a  fenfible 
ipark.  At  this  time  having  tried  to  obtain  ele£lricity  from  the 
evaporation  of  water,  the  efFedls  were  equivocal  or  hardly  fen- 
fible ;  the  fame  thing  happened  a  few  days  after,  when 
hov^^ever  we  obtained  clear  figns  of  eleftricity  from  thofe  efler- 
vcfcences,  which  produce  fixed  and  nitrous  air.  Thofe  experi- 
ments were  made  in  a  large  room. 

One  day  the  eleflricity  arifing  from  the  evaporation  of  water 
feemed  to  be  pofitive ;  but  fubfequent  experiments,  and  other 
circumftances,  indicate  that  fuch  a  phenomenon  muft  be  attri- 
buted to  a  miftake. 

Once  on  repeating  thefe  experiments  in  company  with  Mr. 
LE  HOY,  member  of  the  R.  A.  of  Sciences,  we  could  not  obtain 
any  eleftricity  from  the  evaporation  of  water  or  from  com- 
buftion,  the  weather  being  extremely  damp ;  but  the  effer- 
vefcence  of  iron  filings  and  diluted  vitriolic  acid  produced  elec- 
tricity enough  to  aKertain  that  it  was  negative,  though  it 
afforded  no  fpark. 

A  ihort  time  before  I  left  Paris  I  once  more  repeated  the  expe- 
riment of  the  effervefcence  of  iron  filings,  &c.  with  fuccefs. 
This  experiment  was  made  in  the  laboratory  of  Mr.  billaum, 
an  inftrument-maker  and  lover  of  electricity. 
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The  experiment  on  the  evaporation  of  water,  which  did  not 
anfwcr  {o  well  at  Paris,  fucceeded  much  better  in  London, 
where  I  bethought  me  of  throwing  water  upon  the  lighted  coak, 
which  were  kept  in  an  infulated  chaHng-didi.  In  this  manner 
the  eleftricity  of  the  evaporation  never  fails  to  eledlrify  the 
chafing-diih  negatively,  and  ftrongly  enough  for  the  eleflricity 
to  be  difcovered  by  the  funple  electrometer ;  it  will  even  afibrd 
a  fpark,  if  the  condenfer  is  uied.  The  firft  experiment  of  this 
ibrt  waa  made  at  Mr.  B£NNET*s,  who  is  a  great  lover  of  eleCtri* 
city,  in  prefence  of  Mn.  bennet,  Mr,  cavallo,  and  Mr. 
KiRw AN,  members  of  the  Royal  Society,  and  of  Mr.  walker, 
ledlurer  of  experimental  philofophy. 

Another  time  this  experiment  was  repeated  with  fuccefs  at 
Mr.  CAVALLo's,  in  the  following  manner.^  A  finall  crucible, 
containing  three  or  four  fmall  coals  lighted,  was  infulated; 
then  a  fpoonful  of  water  was  thrown  upon  the  coals,  and  im^ 
mediately  after  an  ele^rometer,  which  communicated  with  the 
coals  by  means  of  a  wire,  diverged  with  negative  electricity. 

Thefe  are  the  experiments  which  I  have  had  the  opportunity 
to  make  hitherto ;  in  relating  which  I  mufl  not  omit  to  obferve,. 
that  although  the  condenfing  apparatus  has  not  been  always 
indifpenfably  neeeflary,  Mr.  cavallo's  very  fenfible  eleftro- 
meter  alone  having  been  often  fufEcient  for  the  purpofe;  yet  it 
muft  be  conjfeiled,  that  it  was  the  condenfing  apparatus  which 
fuggefted  thefe  experiments,  and  by  the  help  of  which  even: 
theeleCtric  fpark  could  be  obtained.  Thefe  experiments  have 
>ift  opened  the  way  to  a  vaft  field,  which  deferves  much  far- 
ther inveftigation.  It  is  natural  to  fuppofe,  that  if  compact 
bodies,  when  they  are  rarefied  or  become  an  elaftic  fluid,  re- 
quire an  additional  quantity  of  eleftric  fluld,^  and  confequently 
leave  thofe  bodies,  with  which  they  are  conneJtedaL  negatively 
eleftrified ;  it  muft  happen,  on  the  contrary,  that  when  va- 
pours condenfe  they  muft  part  with  fome  ele^ric  fluid,  that  is, 
muft  produce  a  pofitive  eledlricity.  This,  however,  remains 
to  be  proved  experimentally,  and  I  have  already  imagined  feve- 
ral  ways  of  trying  it,  which  will  be  put  In  praftice  as  ibon  as  I 
ihall  have  the  opportunity.  Mean  while  I  beg  leave  to  con- 
clude 


Xxxii  Of  the  Method  of  rendering  "oeryfenjlhk 

^lude  this  paper  with  mentioning  a  few  ideas  I  entertsin 
relating  to  4:he  itmofpherical  eleftricity. 

The  experiments  hitherto  made,  though  not  numerous,  yet 
concur  to  fhew,  that  the  vapours  of  water,  and  in  general  the 
%parts  of  all  bodies,  that  are  feparated'  by  volatilisation,  carry 
'  away  an  additional  quantity  of  ele£lric  fluid  as  well  as  of  ele- 
'  mentary  heati*  and  confequently  that  thofe  bodies,  from  the  con- 
ta6l  of  which  the  volatile  particles  have  been  feparated,  remain 
both  cooled  and  eleftrified  negatively :  from  which  it  may 
be  deduced,  that  whenever  bodies  are  refblved  into  volatile 
elartit  fluid,  their  capacity'&r  holding  deft ric  fluid  is  aug- 
niented,  as  well  as  their  capacity  for  holding  common  fire,  or 
the  calorific  fluid.  This  is  a  ftriking  analogy  by  which  the 
fciQn(Je  of  eldftriclty  throws  fome  light  upon  the  theory  of 
heat,  ahd  alternately  derives  light  from  it ;  I  mean  on  the  doc- 
trine of  latent  or  fpecific  heat,  the  firft  notions  of  which  were 
luggefted  by  the?  admirable  experiments  of  Dn  black  and 
wiLKE,  and  which  has  been  afterwards  much  elucid&ted  by 
Dr.  cha'wford,  who  followed  the  experiments  of  Dr.  irwin. 

By  following  this  analogy  it  feeiiis,  that  as  the  vapours  on 
their  cdhdcnfing,  lofe  part  of  their  latent  heat,  on  account, of 
their  capacity  being  diminiflied,  fo  they  part  with  fome  electric 
fluid.  Hence  originates  the  pofitive  eleftricity,  which  is  always 
inore  or  lefs  predominant  ^in  thd  atmofphere,  when  the  (ky 
is  clear,  ijiz,  at  that  height  where  tKfe  vapours  begin  to  be  con- 
denfed.  Accordingly,  the  atmofpherical  eledlricity  is  ftronger 
in  fogs,  in  which  cafe  the  vapours  are  more  condenfed,  fo  as 
to  be  almoft  reduced  into  drops,  and  is  ftill  ftronger  when  thick 
fogs  become  clouds. 

Hitherto  \ve  have  accounted  for  the  pofitive  atmofpherical 
eleftricity  ;  but  it  is  eafy  to  account  for  clouds  negatively  elec- 
trified ;  for  when  a  cloud,  pofitively  ele^ftrified,  has  been  once 
formed,  its  fphere  of  aiftion  is  extended  a  great  way  round,  fo 
rh:it  if  another  cloud  comes  within  that  fphere,  its  eledric 
fluid,  agreeably  to  the  well  known  laws  of  ele(3:ric  atraofpheres, 
muft  retire  to  the  parts  of  it  which  are  the  remoteft  from  the 
firft  cloud  ;  and  from  thence  the  eleftric  fluid  may  be  commu- 
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nicated  to  other  clouds,  or  vapours,  or  terreftrial  prominencies. 
Thus  a  cloud  may  be  ele£trified  negatively,,  which  cloud,  after 
the  fame  manner,  may  occafion  a  pofitive  eleftricity  in  another 
eloud,  &c.  This  explains  not  only  the  negative  electricity, 
which  is  often  obtained  from  the  atmofphere  in  cloudy  weather ; 
and  the  frequent  changes  from  pofitive  to  negative  eleftricity, 
and  contrariwife  in  ftormy  weather  ;  but  alfo  the  waving  mo- 
tion often  obferved  in  the  clouds,  and'  the  hanging  down  of 
them,  fo  as  nearly  to  touch  the  earth. 

After  the  fore-mentioned  difcoverics  we  need  na  longer  won- 
der at  the  appearance  of  lightnings  in  the  eruptions  of  volcanos, 
as  was  particularly  obferved  in  the  late  dreadful  eruption  of 
Mount  Vefuvius.  The  few  experiments  I  have  made  ftiew,, 
that  the  quantity  of  fmoke,  but  much  more  the  rapidity  witb 
■which  it  is  produced,  tends  to  increafe  the  eledtricity  whichi 
arifes  from  combuftion,  &c.  ,How  great  muft  then  be  thc- 
qiiant^y  of  eledlricity  that  is  produced  in  fuch.  eruptions  ? 
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rhave  lately  repeated  this  experiment!  and  found  that  one  mea^^ 
fure  of  alkaline  air  is  faturated  by  lefs  than  hatf  of  one  meafure 
of  fixed  air,  but  more  than  one-third,  conformably  to  Dn 
Priestley's  firft  experiinent,  p.  293. ;  by  which,  it  appears, 
that  100  gr.  of  alkaline  air  require  about  120  of  fixed  air  to 
faturate  them:  and  hence  100  gr.  of  concrete  volatile  alkali 
Qontain  about  5^  of  fixed  air^  44  of  mere  volatile  alkali,  and 
3.  q£x  water^ 
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Va^t.  Line, 
9.    ao.  /or  0,03  rsaj  0,635 
II.     26.  for  3,100  naJ  3106, 

18.     12.  for  I^  read  ^ 
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73«  12.  /^r  one  fortieth  rini one  twentieth 

75*  I  •  /#r  five  ftventto  fiMMf  five  foorths 

78.  9. /orfeTenthtof  aniochr/tfifourtheof  ini^cli    ' 

.  8i.  2.  for  now  r/ai  more 

117.  II.  fir  2^%  nad  29 

127*  8.  /^r  108  nod  Z07 

i36«  44.  forX  Capricorni  nadru  64.  Sagittam 

147.  3*  for  the  r|  nad  the  futheftif 

1 49*  28«  for  40'  rMi  40" 

153.  7.  /?r  *  FL.  10.  read^  Ft.  ii« 

ISS*  ^.  for  s  road  ^ 

ibu  21.  for  6''  27'  nadb"  2f" 

|82«  «/  /i(/  up  of  the  6th  column,  infert  Phyfical  Ipecific  gravilf. 

— ^  firftfiria  of  the  6tb  column,  for  1,846  nad  1,8846 

183.  at  the  top  of  the  6tb  column^  infert  Phyfical  fpecific  gra^lcjr* 

a 85.  12.  for  1,4653  read  1,4650 

.206.  14.  afier  nitrous  readte& 

.2.17.  23.  and  26.  for  i  PR,  rgadj^,  »&• 
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XIX.  An  Attempt  to  make  a  Thermometer  for  meafuring  the 
higher  Degrees  of  Heat,  from  a  red  Heat  up  to  the  ftrongeft 
that  yejelsmade  of  Clay  can  fupport.  By  Jofiah  Wedgwood; 
communicated  iy  Sir  Jofeph  Banks,  Bart.  P.  R.  S. 


Read  May  9,  1782. 

A  MEASURE  for  the  higher  degrees  of  beat,  Tuch  as  the 
common  thermometers  afibrd  for  the  lower  ones,  would 
be  an  important  acquifittoo,  both  to  the  philofbpher  and  the 
pradical  artift.  The  latter  muft  feel  the  want  of  fuch  a  meafure 
Vol.  LXXII.  S  f  on 


on  many  bccalions ;  particolarly  when  be  attempts  to  ifellow",  or 
apply  to  u(e,  the  curious  expenraents  of  Mn  fott,  related  in 
his  Lithogeognoiia,  and  other  modem  writers  upon  fimilar 
fubjefts.  When  we  are  told^  for  inftance^  that  fuch  and  fuch 
materials  were  changed  by  fire  into  a  fine  white,  yellow^  green, 
or  other  coloured  .glafs :  and  find,  that  thefc  efiedts  do 
not  happen,  unlefs  a  particular  degree  of  fire  has  fortunately 
been  hit  upon,  which  degree  we  cannot  be  fure  of  fucceeding 
in  again  : — wheti  we  are  difappointed,  by  having  the  refult  at 
fome  times  an  unvitrified  mnfs,  and  at  others  an  over-vitrified 
fcoria,  from  a  little  deficiency  or  excefs  of  heat : — when  we  fee 
colours  altered,  not  only  in  fhade  but  in  kind,  and  in 
many  cafes  defbroyed,  by  a  fmall  augmentation  of  the  heat 
which  had  produced  them  ;  infomuch,  that  in  the  gradual  in- 
creafe  of  the  fire,  a  precife  moment  of  tin>e  muft  be  happily 
feized,  in  order  to  catch  them  m  f>erfc£tion  ^--■and  when  incon- 
veniences, fimilar  to  thefe,  arife^in  operations  by  fire  upon 
metals  and  other  fubftances : — how  much  is  it  to  be  wiflicd, 
that  the  authors  had  been  able  to  convey  to  us  a  meafure  of  the 
heat  made  ufc  of  in  their  valuable  procefiles ! 

In  a  long  courfe  of  experiments,  for  the  improvement  of  the 
manufafture  I  am  engaged  in,  fome  of  my  greateft  difficulties 
and  perplexities  have  arifen  from  not  being  able  to  afcertain  the 
heat  to  which  the  experiment-pieces  had  been  expofed.  A  reJ^ 
bright  redy  and  white  heat^  are  indeterminate  expreffions ;  and 
even  though  the  three^  ftages  were  Efficiently  diftinft  from 
each  other,  they  are  of  too  great  latitude ;  as  the  brightnels  or 
luminoufnefs  of  fire  increafes,  with  its  force,  through  nume- 
rous gradations,  which  can  neither  be  exprefifed  in  words,  nor 
difcritninated  by  the  eye.  Having  no  other  refource,  I  have 
^  been 
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been  obliged  to  content  myietf  with  fuch  meafures  as  my  own 
Iqlns  and  the  difS^rent  parts  of  them  afibrded.  Thu&  the  kUn  in 
which  our  glazed  ware  b  fired  furnifhes  three  meafureSi  the 
bottom  being  of  one  heat,  the  middle  of  a  greater,  and  thd 
top  ftili  greater :  the  kihi  \xt  which  the  bifeuit  ware  is  fired 
furnifhes  three  or  four  others,  of  higher  degrees  of  heat ;  and 
by  thefe  I  have  marked  my  regiftered  expertmientSr  Bm 
though  thefe  meafures  had  been  fully  adequate  to  v&j  own 
views,  which  they  were  not,  it  is  plain,  that  they  could  not 
be  communicated  ft>  others ;  t^at  their  ufe  is  confined  td  a  {lar-^ 
ticnlar  flrudure  of  furnaces,  and  mode  of  firkfg*r  and  tltttf,. 
upon  any  alteration  in  thefe,  they  would  becomfe  ufekfs  aiMP 
unintelligible,  even  where  now  they  are  helft  known^  And*, 
indeed,  as  this  part  of  the  operation  is  perfbrnied'  by  woirkH)elf: 
qI  th(  loweft  clafs,  we  cannot  depend  upon  any  great  aceurae)^ 
qven  in  one  and  the  fame  furnaccr  Ik  ka»  aceordli^ty  dfteif 
happened,  that  the  pieces  fired  in  the  tdp  of  the  kiln  in  oner 
experiment  have  been  made  na  better  than  thofe'flred'  in  ihe 
middle  in  another,  and  vice  vtrfL 

The  force  of  firo,  in  it&  higha  »  well  as  kiwer  ftagM,  datu^ 
no  otherwife  be  juftiy  afceptained  than  by  its  efieds  upon  fbmer 
known  body.  Its  eflPeA  in  changing  colours  has  already  been 
hiuted  at ;  and  1  have  obfefued  compcfitions  of  cakes  of  iron 
with  clay  to  aiTume,  from  different  degrees  of  fire^  fuch  a^ 
number  of  diftinfk-  coljraf &  and  fi»ades  as  promifed  to  ai^rd 
ufeful  criteria  of  the  refpe^ve  degrees. 

With  this  idea,  I  prepared  a  quantity  of  fuch  a  compofition, 
and  formed  it  into  circular  pieces^  about  an  inch  in  diameter^ 
and  a  quarter  of  an  inch  thick.  A  number  of  thefe  was  placed 
in  a  kiln,  in  which  the  fire  was  gradually  augmented,  with  as^ 
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much  uniformity  and  regularity  as  poilible,  for  near  fixty 
hours.  The  pieces,  taken  out  at  equal  intervals  of  time  during 
this  fucceflive  increafe  of  heat,  and  piled  in  their  order  upon 
one  another  in  a  glafs  tube,  exhibited  a  regular  and  pretty  ex- 
tenfive  ferles  of  colours  ;  from  a  flefli-colour  to  a  deep  brownifh- 
red,  from  thence  to  a  chocolate,  and  fo  on  to  nearly  black, 
with  all  the  intermediate  tints  between  thefe  colours.  A  back 
being  fixed  to  the  tube,  like  the  fcale  of  a  thermometer,  aiid  the 
numbers  of  the  pieces  marked  upon  it  refpedlively  oppodte  to 
them,  it  is  obvious,  that  thefe  numbers  may  be  confidered  as 
fo  many  thermometric  divifions  or  degrees ;  and  that,  if  aiK)- 
ther  piece  of  the  fame  compofition  be  fired  in  any  other  kiln 
qr  furnace,  not  exceeding  the  utmoft  heat  of  the  firft,  it  will 
acquire  a.  colour  correfpondirig  to  fome  of  the  pieces  in  the 
tube^  and  thus  point  out  the  degree  of  heat  which  that  piece, 
and  confequently  fuch  other  matters  as  were  in  the  fire  along 
with  it,  have  undergone. 

It  muft  however  be  confefled,  that,  for  general  ufe,  a  ther- 
mometer on  this  principle  is  liable  to  obje£tion,  as  ideas  of  co- 
lours are  not  perfeftly  communicable  by  words ;  nor  arp  all 
eyes,  or  all  lights,  equally  adapted  for  diftingyiihing  them, 
efpecially  the  (hades  which  approach  near  to  one  another ;  and 
the  efFe£ls  of  phlogiftic  vapours,  in  altering  the  colour,  may 
not  in  all  cafes  be  eafily  guarded  againft. 

In  confidering  this  fubjeft  attentively^  another  property  of 
argillaceous  bodies  occurred  to  me ;  a  property  which  obtains, 
in  a  greater  or  lefs  degree,  in  every  kind  of  them  that  has  come 
under  my  examination,  fo  that  it  may  be  deemed  a  diftinguifli- 
ing  character  of  this  order  of  earths :  I  mean,  the  diminution  of 
their  bulk  byjire ;  I  have  the  fatisfadlon  to   find,  in  a  courfe 
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of  [experiments  lately  made  with  this  view,  that  it  is  a  mofe 
accurate  and  exteiifive  meafure  of  heat  than  the  different  (hades 
of  colour. 

I  have  found,  that  this  diminution  begins  to  take  place  in  a 
low  red-heat ;  ^nd  that  it  proceeds  regularly,  as  the  heat  in- 
creafcs,  till  the  clay  becomes  vitrified,  and  confequently  to  the 
utmoft  degree  that  crucible§,  or  other  vefl'els  made  of  this  ma- 
terial, can  fupport.  The  total  contraction  of  fome  good  clays 
which  I  have  examined,  in  the  ftrongeft  of  my  own  fires,  is 
confiderably  n^qrc  than  one-fourth  part  in  every  dimenfion. 

If,  therefore,  we  can  procure  at  all  times  a  clay  fufficiently 
apyrous  or  unvitrcfcible,  and  always  of  the  fame  quality  in 
regard  to  contraftidh  by  heat ;  and  if  we  can  find  means  of 
meafuring  this  contra£liou  with  eafe  and  minute  accuracy,  I 
flatter  myjTelf,  that  we  (hall  be  *  furnhhed  with  a  meafure  of 
fire  fufficient  for  every  purpofe  of  experiment  or  bufinefs. 

We  have,  in  different  parts  of  Etiglaud,  immenfe  beds  of 
clay ;  each  of  which,  at  equal  depths,  is  pretty  uniform  in 
quality  througl^out  i^s  whole  extent. ;  Of  all  the  forts  I  have 
hitherto  tried,  fome  of  the  pureft  CbrniAi  porcelaia  clays  feem 
the  beft  adapted,  both  for  fupporting  the  iatenfity,  and  mea* 
furing  the  degrees,  of  fire. 

For  preparing  and  applying  this  material  to  thermometrip 
purpoies  the  following  method  is  propofed. 

The  clay  is  firft  to  be  waflied  over,  and,  wbiJft  in  a  dilute . 
flate,  pafied  through  a  fine  lawn.    Let  it  then  be  made  dry, 
and  put  up  in  boxes  *, 

« 

*  While  the  clay  is  thus  kept  dry  in  boxes,  as  well  as  while  it  continues  in  lit 
natural  bed,  it  b  fecure  from  alterations  in  quality,  which  clays  in  general  are 
iwh]t/Qi  to  undergb,  when  expofed,  for  a  long  courfc  of  years,  to  the  joint  adtiona 
of  air  and  moiflure.— In  the  lawns  1  made  ufe  of,  the  interftices  were  each  lefs 
than  the  ioc,ooo  part  of  an  inch. 
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The  dry  clay  is  to  be  foftened,  for  ufe,  with  aboot  two-fifths 
of  its  weight  of  water  ;  and^  formed  into  imall  pteces^  in  little 
moulds  of  metal,  fix-tenths  of  an  inch  in  breadth,  with  the 

» 

fides  pretty  exaftly  parallel,  this  being  the  dimenfion  intended 
to  be  meafured,  about  fQur-tenth&  of  an  inch  deep,  and  one 
inch  long.  To  make  the  clay  deliver  eaiily,  it  will  be  neee£&ry 
to  oil  the  mould,  and  make  it  warm. 

Thefe  pieces,  when  perfeiSlly  dry,  are  put  into  another  iron 
mould  or  gage,  confifting  <mly  of  a  bottom,  with  two  fides, 
five- tenths  of  an  Jach  deep  1  to  the  dimmfions  of  which  fides 
the  breadth  of  the  pieces  is  to  be  pared  down. 

For  me^furing  the  diminution  which  they  are  to  fufier  from 
the  a^ion  of  fire,  another  gage  is  made,  of  two  pieces  of  brafe^ 
twenty- ft>ur  inches  Icings  with  the  fides  exaftly  (Iraight,  divided 
into  inches  and  teriths,  fixed -fiVe  tenths  of  an  inch  afunder  at 
one  end,  and  t'hree^tenths  tt  the  other,  upon  a  brafs^  plate ;  fb 
that  one  of  the  thermofia^c  pieces^  when  pared"  down  in  the 
iron  gage,  will  }uf^  fk  (a  the  wider  end.  Let  us  fuppele  thi$ 
piece  to  have  diminiihe  j*  in  the  fire  one-fiflhof  itSibulk^  it  wilt 
then  pafs  on  to  hajif  fehe  length  of  the  gage  $  li*  diminiiked 
two*fifths,  it.  will 'go  on  ^  the  narroweft  en^;  and  in  any 
intermediate  degree  of  contraction,  if  the  piece  be  ilid  along 
till  it  refts  againft  the  converging  fides^  the  degree  at  which  it 
(lops  will  be  the  meafure  of  its  contra^Hon,  and  eon^quently 
of  the  degree  of  heat  it  has  undergone. 

.  Theie  are  the  outlines  of  what  appears  ta  me  neceffiny  for 
the  making  and  ufing  of  this  thermometer ;  and  it  is .  hoped, 
tjiat  the  w}\o]e,  procefs  will  be  foiand,  fuffici^ntl^  fui^pji^  and 
eafy:  of  ex^cutiop.  It  mary^  nevertbele^,  be.  proper,  to  take 
notice  of   a  few   minuter    circumflances,    and  ^  to    mention 
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fome  Dbferratlons  wfakh  •4>ccurred    in  the  progrelfs  of   the 

1.  There  dught  to  be  a  certafetjr  of  the  day  being  ea£l)r, 
and  at  all  thnes^  procurable  m  fuifictent  tjuantity,  and  ofa  mo- 
derate terms.  That  this  is  the  cafe  with  the  clay  here  made 
choice  of»  Wdl  be  evident  to  every  one  acquainted  with  the 
natural  hiftory  t>f  Cornwall^  where  there  are  beds  of  this  day, 
anexhauftibley  and  in  too  many  hands  to  be  monopolized  If 
this  (houid  not  prove  fatisfafh^t-y,  the  author  offers  to  tliis 
iUuftrious  Society^  and  will  think  hioxfelf  honoured  by  their 
acceptance  ofv  a  fufficient  fpace  in  a  bed  of  this  elay  to  fupply 
the  world  with  thermokneter^pteces  for  numerous  ages  ;  and  he 
does  ix)t  apprehend,  that  any  greater  inconveniences  can  arife 
to  foreign  artiils  or  philofophers,  fr^n  their  being  fup- 
plied  with  clay  for  thefe  thermometers  from  this  fpot  only, 
than  what  we  iktw  feel  from  b6uig  fupplied  widi  mercuiy 
for  the  common  thermometers  from  the  Spaniih  or  Hungarim 
mines. 

IL  We  ought  to  be  afiured  alio,,  that  aU  the  clay  made  uie 
of  for  thefe  thermometers  is  pcrfeftly  fimilar.  For  this  pur* 
poie,  it  will  be  befl  to  dig  it  out  of  the  earth  in  confiderable 
quantity  at  once,  an  extent  of  fome  fquare  feet  or  yards  itk 
area,  and  to  the  depth  of  fix  or  feven  yards  or  more  from  the 
(urface,  and  to  mix  the  whole  thoroughly  together,  preyiou9> 
to  the  further  preparation  already  mentioned  When  the  firlb 
quantity  is  exhaufted,  another  perpendicular  colunui  may  be 
di^  from  the  fame  bed,  cloie  to^  the  firft,  to  the  fame  depth,, 
and  prepared  ia  the  fame  manner ;  by  which  means  we  may  be 
afiurdd  of  its  fimiiarity  with  the  former  parcel,  and  that  it  will 
diminiih  equally  in.  the  Bie*. 
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,  III.  This  clay,  dried  by  the  fummer  heat,  or  In  a  mode- 
rately warm  room,  or  with  more  heat  before  a  fire,  has  not 
been  obferved  to  differ  in  degree  of  drynefs.  After  being  ib 
dried,  it  iofes  about  a  hundredth  part  of  its  wdght  in  the  heat 
of  boiling  water,  about  as  much  more  in  that  of  melted  lead, 
and  from  thence  to  a  red-heat  ten  parts^  in  all  ^^  Each  of 
thefe  heats  foon  expels  from  the  clay  its  determinate  quantity 
of  matter,  chiefly  air ;  after  which,  the  fame  heat,  though 
continued  for  many  hours,  has  no  further  cffe<9:.  I  had  fbme 
hopes,  that  the  graduation  of  the  common  thermometer  might 
be  continued,  upon  this  principle,  up  to  the  red-heat  at  which 
the  fhrinking  of  the  clay  commences,  fo  as  to  connect  the  two 
thermometers  together  by  one  feries  of  numbers ;  but  the  lofs 
of  weight  appears  not  to  be  fufficiently  uniform  or  proportional 
to  the  degree  of  heat  to  anfwer  that  purpofe ;  for  it  was  found 
to  go  on  quicker,  and  bladders  tied  to  the  mouths  of  the  veflels 
in  which  the  pieces  were  heated,  became  more  rapidly  diftended, 
at  the  commencement  of  rednefs  than  at  any  other  time.  From 
low  red-heat  to  a  ftrong  one,  fuch  as  copper  melts  in,  the  lofs 
of  weight  was  only  about  two  parts  in  a  hundred ;  though  the 
difference  between  thefe  two  heats  appears  to  be  much  greater 
than  what  the  fame  lofs  correfponds  to  in  the  lower  ftages. 
After  this  period,  the  decreafe  of  weight  intirely  ceafed. 

The  vapours  expelled  from  the  clay,  caught  feparately  in 
the  different  degrees  of  heat,  feemed,  from  the  few  trials 
made  with  them,  to  confift  of  common  air  mixed  with  fixt 
air.  They  all  precipitated  lime-water ;  that  which,  was  firft 
extricated,  exceeding  weakly ;  the  others  more  and  more  confi- 
derably ;  but  the  laft  not  near  fo  ftrongly  as  the  air  expelled 
from  lime-ftone  in  burning.    None  of  them  were  inflamniable. 

IV. 
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IV.  The  thertpopietrJQ  piq$:e3  may  be  formed  much  rrp^e 
ejitpeditioufliy  tfeap  i.a,  tiiq  finglp  mouW,  by  xneaas  of  aa  inftrv- 
mjent  ufe4  fpc  firojilar  j^rppf^R  by  th.e  jpotters.  It  confilDts  of  a 
cylindrical  irpa  yeffcl,  yrith  hples,  ia  thejjpttom^  9f;thff  fofijn 
and  diraeafions .  required. .  ^  TKe  foft  vcl^y,  put  m  the  .veflcJI,  f s 
forced  by  a  prefs  down  through  ^^^^  aperturea,  in  lot^  rod^, 
which  may  be  cut  whije  nxoift,  or  broken  when  dry,  ^ijUjo 
pieces  of  coifv^i^i^ot  Ipn^ths^  It  iKft?  hoped^  th^  this  ipftjifld 
would  pf  itfelf  have  be^n  f^^cienty  without  the  laddition  of 
the  paring  gage,  making  ^rpp^  allowance,  in  the  iiz^  of  tl^e 
holes,  for  the  fhrinking  of  the  clay  in  drying.  B,ut  it  w^s 
found,  that  a  variety  of  little  apgidents  might  happqn  ^p  al(er 
the  (ha^.and  dinapnfipp?  of  tb^.^iw^?#  in  a  ipi^fibU  dff©-^, 
while  in  their  foft  ftate;  fy  that  ij:  yill  be  ^lyajrs.f^Uisft  tp Ua.ye 
recourfe  to  the  paring  ga^e,  ibr  aif^ntaipxng  ^nd  adjuiliiig  thejr 
breadth  when  perfeftly  dry,,  th^is  be^g  'h^  iB^^ipd^t  wWchi^Jie 
pieces^are  exa(Stly.  alike  with  jrqgpdrtp  -tlje^r  fixture  dim|ni(hing ; 
fo  that  if  they  are  now  redyQedto  thq  fapjip, breadth,  w;^;n|^ 
be  fure  ^hat  th^  will  fuifer  equ^l  contritions  from  ayigl  A^^ 
grees  of  heat  afterwards,  whether  xhey  havp  been  n^ade  in  a 
mould,  or  by  a  prefs,  or  in  any  pther  way ;  ipeither  is  any  varia- 
tion in  the  length  or  thicknefs  of  thefe  pieces  of  the  leaft  con- 
fequence,  provided  one  of  the  dimenjGpps,  that  by  which  Xhsj 
are  afterwards  to  be  meafured*  is  made  acqi^rate  to  the  ease. 

V.  It  will  be  proper  to  bake  the  pi^ce?;^  ^h^n  dfy,^vwth  a 
low  red-heat,  in  order  to  give  them  fpme  firmnefs  or  .h^rdfleft, 
that  tiTey  may,  if  necei&ry,  bp  able  ^o  bepr  package,  a,nd  car- 
riage; but  more  e^ecially  to  prepare  th^n^  fpn  being  put  into 
an  immediate  heat,  a^long  with  the  matters  they  are  tq  ieryeas 
meafures  to,  without  buri^ijigor  flying,  as  unburut  5;lay  WPl^ld 
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do.     We  need  not  be  folicitous  about  the  prccife  degree  of 
heat  employed  in  this  baking,  provided  only  that  it  does  not 
exceed  the  loweft  degree  which  we  (hall  want  to  meafure  in 
praftice;  for  a  piece  that  has  fuffered  any  inferior  degrees  of 
heat,  anfwers  as  well  for  meafuring  higher  ones  as  a  piece 
which  has  never  been  expofed  to  fire  at  all.     In  this  part  of  the 
preparation  of  the  pieces,  it  may  be  proper  to  Inform  the  ope- 
rator of  a  circumftance,  which,  though  otherwife  immateria!, 
might  at  firft  difconcert  him :  if  the  heat  is  not  in  all  of  them 
exadly  equal,  he  will  probably  find,  that  while  fome  have 
begun  to  (brink,  others  are  rather  enlarged  in  their  bulk ;  for 
they  all  fwell  a  little  juft  on  the  approach  of  rednefs.     As  this 
is  the  penod  of  the  moft  rapid  produce  of  air,  *  .the  cxtenfion 
may  perhaps  be  owing  to  the  air  having  at  this  moment  become 
*  elaftic  to  fuch  a  degree,  as  to  force  the  particles  of  the  clay  a 
little  afvmder  before  it  obtain^  its  dwn  enlargement. 

VL  Each  divifion  of  the  fcale,  though  fo  large  as  a  tenth 
of  an  inch,  anfwers  to  ^-l-^th  part  of  the  breadth  of  the  Tittle 
piece  of  clay.  We  might  go  to  much  greater  nicety,  either 
by  making  the  divifions  fmaller,  or  the  fcale  longer ;  but  it  is  not 
apprehended,  that  any  thing  of  this  kind  will  be  found  necef- 
fary  :  and,  indeed,  in  proceeding  much  further  in  either  way, 
wc  may  poffibly  meet  with  inconveniences  fufficient  to  counter- 
balance the  apparent  additional  accuracy  of  meafurement« 

VII.  The  divifions  of  this  fcale,  like  thofe  of  the  common 
thermometers,  are  unavoidably  arbitrary ;  but  the  method  here 
prdpofed  appears  fufficiently  commodious  and^  ealy  of  execu- 
tion^  the  divifions  being  adjufted  by  meafures  everjrwbere 
known,  and  at  all  times  obtainable :  for  however  the  inches 
nfcd  in  difii^rent  countries  ma}^  difiler  in  length,  this  cannot 
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tified  the  accuracy  of  the  fcale,  provided  that  the  proportions 
between  the  wider  and  narrower  end  of  the  gage  are  exadlly  as 
five-tenths  of  thofe  inches  to  three- tenths,  and  the  length  240 
of  the  fame  tenths ;  and  that  the  pieces  in  their  perfcdly  dry 
ftate,  before  firing,  fit  precifely  to  the  wider  er^d.  When  one 
gage  is  accurately  adjufljg^  to  thefe  proportional  meafures,  two 
pieces  of  brafs  fhould  be^^made,  one  fitting  exactly  into  one 
end,  and  the  other  into  the  other  ;  thefe*  will  ferve  as  flaudards 
for  the  ready  adjuilnient  of  other  gages  to  the  dimenfions  of. 
the  original. 

By  this  fimple  method  we  may  be  affurpd,  that  thermome- 
ters ^  on  this  principle,  though  made  by  different  p^rfons,*  and 
ia  difierent  countries;  will  all  be  equally  affected  \>y  equal  de- 
grees of  heat,  and  all  fpeak  the  fame  language :  the  utility  of 
this  laft  circumftance  is  now  too  well  known  to  peed  being 
infifted  on, 

VUL  If  a  fcale  two  feet  in  length  ihpuld  be  reckoned  incon* 
venient,  it  may  be  divided  into  two,  of  one  foot  each,  by 
leaving  three  pieces  of  brafs  fixed  upon  f  he  fame  plate ;  the 
firfi:  aad  fecond,  five-tenths  of  an  inch  apart  at  one  end,  and 
four*»tenths  at  the  other ;  the  fecond  and  third,  four-tenths  at 
one  end,  and  three*- tenths  at  the  other;  fb  that  the  firft  reaches 
to  the  1 20th  divifion,  and  the  fecond  fipm  thence  to  the 
240th. 

IX«  As  this  thermometer,  like  all  others,  can  exprefs  only 
the  heat  felt  by  itfelf,  the  operator  muft  be  careful  to  expofe 
the  pieces  to  an  equal  a£tion  of  the  fire  with  th?  body 
whofe  heat  he  wants  to  meafure  by  them.  '  In  kilns,  ovens, 
reverberatories,  under  a  mufiAe,  and  wherever  the  heat  is 
pretty  fleady  and  uniform,  the  means  of  doing  this  are  tp0 
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obvious  to*  ncfed  being  mcntiontd.  But  in  a  naked  fire, 
where  the  heat  is  iieceflarily  mote  flufttating^  and  une- 
qual in  diff^fent  parts  of  the  fuel,  fome  precaution  will  be 

r^tiifed. 

The  thermoineter*^icce  miy  generally  bfe  put  into  the  cru- 
cible, along  with  the  fubjedt-matteripf  the  experiment.  But 
where  the  tnattef  is  of  fuch  a  kind  as  to  melt  and  ftick  to  it, 
the  piece  may  be  previbufly  inclofcd  in  dr  little  tafe  made  of 
crucible  cl&y.  Thfe  fnaallftefe  of  the  jpietes  will  admit  of  this 
being  done  without  inconvenience,  at  leaft  in  any  but  the 
fthaltetl  crucibles,  ^s  -  the  pieces  th^mfelves  may  be  diminShed 
to  ahy  fiie  that  ihay  be  found  |)ro^r^  prbvided  onfy  that  one 
of  thfe  dlmehfibtis,  five-tenths  of  an  inch,  be  prelervcd,  as 
mentibned  ih  Olf.  4. 

For  the  Very  ftnalleft  fort  of  Crucibles,  the  cafe  m«jr  be  put 
in  clofe  to  the  crucible,  fo  as  to  form  as  it  were  an  addition  to 
its  bulk  dh  the  autfidfe.  If  if  be  «flted,  why  tH*  cafe  is  not  aliVaya 
th*is  put  in  by  the  fide  of  the  crucible  ?  it  is  aniWered,  that  m 
jUiiging  of  Ae  heat  tef  large  crucibles  from  a  thdrfaiometcr- 
piece  placed  on  the  dutfide  bf  them,  we  may  fometimes  be 
deceived,  as  the  piece  in  its  little  -cafe  has  been  found  to  heat 
Iboner  than  the  matter  ih  the  larger  veflel ;  but  in  Jmaff  bnes, 
as  the  fcrtieible  and'  cafe  afe  nearly  alike  4h  biilk,  there  is  little 
danger  of  error  from  this  caufe. 

^  X.  Thefe  fh^nidniet^r-pieces  fibiBers  fome  fiftgular  prtjper- 
ties,  wh6ch  we  cbuld  not  have  cxpefted  to  find  irnrted  in  any 
flabftance  whatever,  and  which  pecuKarfy  fit  them  for  the 
purpofts  they  ate  here  applied  to. 

I,  Whfeii  baked  by  only  moderate  degrees  of  fire,  though 
tfeey  aire,  Jike  other  clays^  of  a  porous  texture,   and  imbibe 

7  water; 


* 
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water ;  ytt,  when  faturated  with  the  watcr^  their  bulk  con- 
tinues exafily  the  fame  as  in  a  dry  ftate. 

jt.  By  very  ftrong  fire,  they  are  changed  to  a  porcelain  or 
f«mi-vitreous  texture ;  neverthelefs,  their  contraction,  on  fur- 
ther augmentations  of  the  heat,  proceeds  regularly  as  before, 
up  to  the  higheft  degfee  of  fire  that  I  have  been  able  to 
produce. 

3.  They  bear  fudden  alternatives  of  heat  and  cold ;  may  be 
dn)pped  at  once  into  intenfe  fire,  and,  when  they  have  received 
ins  hdit,  maybe  plunged  as  fuddenly  into  cold. water,  without 
the  leaft  injury  from  either. 

4.  Even  while  faturated  with  water  in  their  porous  (^atcy 
they  may  be  thrown  immediately  ihto  a  white  heat,  without 
burfting  or  fuffering  arty  injury. 

5.  Sudden  cooling,  which  alters  hoth  the  bulk  and  texture 
of  tnoft  bodies,  does  not  at  all  afifedt  the(e,  at  leaft  not  in 
any  quality  fubfervient  to  their  themiometric  ufes* 

6.  Nor  are  they  alleged  by  long  continuance  in,  but  foiely  by, 
the '^^j^r^^  of  heat  they  are  expofed  to.  Iti  three  minutes  or 
Icfs,  they  are  perfeftly  penetrated  by  the  heat  which  afits  upon 
them,  fe  as  to  receive  the  full  contraction  which  that  ddgree 
of  heat  is  capable  of  producing  equally  with  thofe  which  had 
undergone  its  aQioii  during  a  gradual  increafe  of  its  force  for 
nwny  hours.  Strong  degrees  of  heat  are  communicated  to 
them  with  more  celerity  than  weak  ones :  perhaps  the  heat 
may  be  more  readily  tranfmitted,  in.  proportion  as  the  tdxture 
becomes  more  compact. 

Thefe  faAs  have  been  afcertained  by  msmy  experiments^  •he 

particulars  of  which  are  omitted,  becaufe  they  would  .'fwell 

this  pap^  much  beyond  &e  bulk  intended.^ 

a.  The 
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XI.  The  ufe  and  accuracy  of  this  thermometer  for  mca- 
furing,  after  an  operation^  the  degree  of  heat  which  the  tnattei: 
has  undergone,  will  be  apparent.  The  foregoing  properties 
afford  means  of  meafuring  it  alfo,  eafily  and  expeditioufly, 
during  the  operationy  fo  that  we  may  know  when  the  fire  is  in- 
creafed  to  any  degree  previoufly  determined  upon.  The  piece 
may  be  taken  out  of  the  fire  in  any  period  of  the  procefs,  and 
dropped  immediately  into  water,  fo  as  to  be  fit  for  meafuring 
by  the  gage  in  a  few  feconds  of  time.  At  the  fame  inftant, 
another  piece  may  be  introduced  into  the  place  of  the  former, 
to  be  taken  out  and  meafured  in  its  turn ;  and  thus  alternately, 
till  the  defired  degree  of  heat  is  obtained.  But  as  the  cold 
piece  will  be  two  or  three  minutes  in  receiving  the  full  heat, 
and  correfponding  contraftion ;  to  avoid  this  lofs  of  time,  it 
may  be  proper,  on  fome  occafions,  to  have  two  or  more  pieces, 
according  to  convenience,  put  in  together  at  firfV,  that  they 
may  be  fucceffively  cooled  in  water,  and  the  degrees  of  heat 
e;ieamii:;K^d  at  (horter  intervals.  It  will  be  unneceilary  to  fay 
any  thing  further  upon  precautions  or  procedures  which  the 
very  idea  of  a  thermometer  muft  fuggeft,  and  in  which  it  is 
not  apprehended  that  any  difficulty  can  occur,  which  every 
experimenter  will  not  readily  find  means  to  obviate. 

]^II.  It  now  only  remains,  that  the  language  of  this  new 
thermometer  be  underftood,  and  that  it  may  be  known  what 
the  heats  meant  by  its  degrees  really  are.  For  this  purpofe  a 
great  number  of  experiments  has  been  made,  from  which  the 
following  refults  are  felefted. 

The  fcale  commences  at  a  red -heat,  fully  vifible  in  day- 
light ;  and  the  greateft  heat  that  I  have  hitherto  obtained  in 
my  experiments  is  1 60°.  This  degree  I  have  produced  in  an 
air*furnace  about  eight  inches  fquare. 

3  Mr, 
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Mr.  ALCHORNB  has  been  fb  obliging  as  to  try  the  ncceflary  ' 
experiments  with  the  pure  metals  at  the  Tower,  to  afcertain  at 
what  degrees  of  this  thermometer  they  go  into  fiifion ;  and  It 
appears,  that  Swedifli  copper  melt^  at  27,,  filvcr  at  28,  and 
gold  zt  p..         ' 

-  Brafs  is  in  fufion  at  2 1 .  Neverthelefs,  in  the  brafs  and  cop- 
per founderies,  the  workmen  carry  their  fires  to  1 40^  and  up^ 
wards :  for  what  purpofe  they  fo  far  exceed  the  melting  heat, 
or  whether  fo  great  an  additional  heat  be  really  neceflary , .  I 
•have  not  learnt. 

The  welding  heat  of  kon  is  from- 90  to  95  ;  and  the  greatefi: 
heat  that  could  be  produced  in  a  common  fmith*s  forge  i25», 

Caft  iron:  was  found  to  melt  at  1 30**,  both  in  a  crucible  in  my 
own  furnace,  and  at  the  foundery ;  but  could  not  be  brought  into 
fufion  in  the  fmith*s  forge,  though  that  heat  is  only  5?  lower. 
The  heat  by  which  iron  is  run  down  among  the  fuel  for  cafting 
is  I50^ 

As  the  welding  ftate  of  iron  is  a  foftening  or  beginning 
fufion  of  the  furface,  it  has  been  generally  thought  that  caft 
Iron  would  melt  with  much  lefs  heat  than  what  is  neceflary  for 
producing  this  efled  upon  the  forged;  whereas,  on  the  con- 
trary, caft  iron. appears  to  require,  for  its  fufion,.  a  heat  exceed- 
ing the  welding  heat  3  5  or  40%  which  is  much  more  than  the 
heat  of  melted  copper  exceeds  the  loweft  vifible  rednefs.. 

Thus  we  find,  that  though  the  heat  for  melting  copper  is  by 
Ibme  called  a  white  heat,  it  is  only  27""  of  this  thermometer.. 
The  welding  heat  of  iron,  or  go°,  is  likewife  a  white  heat; 
even  1 30"",  at  which  caft  iron  is  in  fufion,  is  no  more  than  a 
white  heat ;  and  fo  on  to  1 60"*  and  upwards  is  all  a  white  heat 
flill.This  fhews  abundantly  how  vague  fuch  a  denomination  muft 
be,  and  how  inadequate  to  the  purpofe  of  giving  us  any  clear 

idea;* 


ideas'bf  tht  extent  of  wliat  we  have  been  accuftomed  to  cdn^ 
:£der'aa  ooe  of'  the  three  dtvilioDS  of  heat  in  ignited  bodies* 

A-Rpflian  crgcibie/in  riie  iroo  foun^ery,  vi»p  about  150% 

mell;ed  into  a  flagTlike.  fubftance^     Soft  iron  iijai^  in  a  Hef- 

(ian  crucible  in  my  own  furnace,  melted  into  one  mafs  with 

vthe  iiottoiaof  the  crucible,  at  iji"" :  th«  part  of  the  crucible 

above  the  iroa  was  little  injured* 

Thtfottdmg  heat  of  the  gkfs  fumaCes  lex^zunedt  or.thfU;  by 
which  the  perfed):  vitrification  of  the  n^^terial^  is  prpdoced,  was 
at  (»ie  of  them  1 1 4^  for  flint-glafs,  and  124^  fef  plateiglais? 
'  at  another  it  was  only  70°  ft>r  the  ^rmer,  which  fi^ews  the 
.  inequality  of  heat^  perhaps  unknown  to  the  workmen  ^hem- 
fehres,  made  ufe  of  >for  the  fame  purpoie.  A&ec  complete 
vitrification,  the  hebt  is  abot^  for  fome  houi^  to  28  or  29% 
which  is  called  th^  fettling  heat-;  and  this  h^t  is  fufficieut  for 
keeping  the  glafs  in  fuiion.  The  fitp  is  ii^iertvfards  increafed, 
for  working  the  glafs,  to  what  is  called  the  working  hea^;  aafi 
this  I  found,  in  plate-^glafs,  to  be  57^ 

Delft  ware  is  fired  by  a  heat  cjf  40  or  41° ;  cream-CQloured, 
or  Queen's  ware,  by  86*'?  and  ftone  ware,  called  by  theFxeuch 
pots  de  gres,  by  102'':  by  this  ftroug  he^it,  it  is  chaqged  tpa 
'true  porcelain  texture.  The  tharmometer-^pieces  begin  to 
acquire  a  porcelain  texture  about  i  lo^ 

The  above  degrees  of  beat  were  afcertained  by  thermometer* 
pieces  fired  along  with  the  ware  in  the  refpe^ve  kilns*  But 
-this  thermometer  affords  means  of  doiag  much  -more,  and 
going  further  in  tbefe  meafures  than  I  could  af  firft  even  have 
expeded;  it  will  enable  us  to  afcertain  the  heats  by.wiiich 
-many  of  the  porcelains  and  earthen  wares  of  diflant  nations 
and  difi^rent  ages  have  been  fired :  for  as  burnt  clay,  and  com- 
pofitious  in  which  day  :is  a  ^provailin^  ingredient,  fuffer  no 

diminution 


for  mfffitf^rt^1l>igii/^.l)^m4  ^  Htiff,  &c.  jax 
mmmution ^  thctr'^ulkb}^^!^  re-^pafled  through  degrees pf 
)ieat  windi  th^  bare  liroiKJgr  uadei^one,  but  are  dimiui(h^(i 
hj.cn^  mUkitm^'  h<iak;  (afcmrdmg.  ti>  P^*  V.),  ;f  a  fragment 
of  thank. be  lateide  to ^t  into  [9By  ^pftft  of  ^  gage^  and  theu 
lired  tloB^.wIAi  fi[  thtrrnometi^p^e^e  tUl  it  bc^ias  to  dimiui(h^ 
tfac  degree  at  which  this  haj^pepa  ppU^ts  a^^  ^e  heat  by  which 
it  had  brm  firad  faefi^ce*  Of  iwu^l  pieces,  pf  ancient  Romaa 
and  £titifiamrtiar6s^  which  i  tiav^  eif(a«EMi^pda  none  appear  to 
ium  -undergone  ^  igmter  httat.fhav  j)t%  ^ai^  iku^^  kls  thaa 
ao^ ;  ibr  thej  all  bcjgan  to  d9mifii&  at  tho£e  or  tlie  intermediate 
d^rees% 

By  niesns  of  this  thcaxMMQetfr.iotq^  in/j^reiUiig  properties  of 
luioisfai  bodvs.  ittsjr  tikemsiib'vbe  idiffloy^iii^d  or  t|)or«  acqurately 
idetermiiKdy  araljjia'f^ftuft  ^tti^A  Iw4iw  {tfcf^xfjuaedr  Jaip^j^ 
4br  iofiasicts^  is.fimfad  lo  dknmtlb  ki  the  $re,  like  an  artificial 
mixture  of  clay  aad  filiceous  matter ;  granite,  on  thtuxktf^^y^ 
h:» its inilk ^nged  bjr  ^s%  whil^  4i9t.^^u^rtj(9fe  ilpiies 
:9aA  mtfaer  iiifang^  tioi:  dtnittiihetil  Th^a  eycpt^rimimts  wqc^ 
«nade  in  foes  betwMh  70  and  ^^  of  this  thero^ometer.  A  fuf- 
£dttQt  number  of  £ids  like  the^«  compared  with  each  other, 
and  with  the  properties  of  fuch'  natural  of  artificiial  bodies  as 
>6re  wsUh'  l»  /find  out  the  compQ^6m  oft  m?y  1^^  to  various 
<^cbveries,  of  Whitih  I  faavQ.ak^dy  Ibtjod  fome  promifing 
^Sf{>esQr8ti«s;  l)tit  many  mere  experimeias  are  wantiag  to  ena** 
44e  me  te^  ifpndc  witb  that  oertainty  and  jnrediioa  oa  the& 

ifiibjedlfii  wibidi  thty  iqfcar.  to  4ei^ 

A  "piece  of  an  iBtnifcali  yaie  tn/^ke^  cptxipletely  ^t  jj''^ 
,^kces  cf  ibme  other  Tofes  and  SLofoan  ware  about  ^6"" ;  Woc^ 
'Cefter  china  vitrified  at  94^ ;  Mr.  spaiMONT^s  Chelfea  chii^ 
4iti05^;  the  Derby  at  1 1  a"" ;  and  Bow  at  121^;  but  Briftol  china 
^ewed  no  appearance  of  vitrification  at  i  JJ"**  The  common  fort 

Vok  3JLKSL  V  u  of 
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of  Chinefe  porcelain  does  not  perfectly  vitrify  by  aiiy  fire  I 
could  produce;  but  began  to  (often  about  120%  and  at  156^ 
became  fb  foft  as  to  (ink  down,  and  apply  itfelf  dofe  upon  a 
very  irregular  furface  und^rii^Sth'^  "The  tni^  ftonei Nankeen, 
by  this  ftrong  heat,  does  not  ibften  in  the  leaft ;  nor  does  it 
even  acquire  a  porcelain  texture,  the  unglazed  parts  continuing 
in  fuch  a  flate  as  to  imbibe  water  and  iHck  to  the  tongue.  The 
Drefden  porcelain  is  more  refra£):ory  than  the  common  Chinefe^ 
but  not  equally  fa  with  the  (lone  Nankeen.  The  cream-- 
coloured or  Queeti's  ware  bears  the  fame  heat  as  the  Dreiden^ 
and  the  body  is  as  little  affected  by  this  intenie  degree  of  fiie.. 

Mr.  POTT  fays,  that  to  ndelt  a  mitt^re  of  chalk  and  clay  ia 
certain  proportions,  wlHch  proportions  ap^ast  fraot.  his. tables 
to  be  equal  parts,  is  ^^  atiAong  the  mafter^pieces  of  art'*  This 
mixture  melts  into  a  perfect  glafs  at  1 9 j'^  >d^i:et$  o£  this  ther- 
mometer. 

The  whole  of  Mr.  Pd«rT*is-or  any  <tthi9r.jex|)erinients  may, 
by  repeating  and  accompanying  them  with  tl;|fife  theniiometac 
pieces,  have  their  refpe3:ive  degrees  of  heat  a&ertained,  and 
thereby  be  rendered  more  intelligible,  and  ufeful,  to  the  reader, 
the  experimenter,  and  the  working  artift.  • 

I  flatter  myfelf  that  a  fi«3d  v^  thus  opened  for  a  new  kind  of 
thermometrical  inquiries ;  and  that  we  (hall  obtain  clearer  ideas 
with  regard  to  the  differences  of  the  degnses  dl  ftrong  fire,  and 
their  correfponding  effe£ts  upon  nattral  and"  artificial  bodies ; 
thofe  degrees  being  now  rendeted^  accurately  meafuiAble,  and 
comparable  with  each  other,  equally  with  itheioiver  degrees  of 
heat  which  are  th*  province  of  the  cpitunon  mercurial  therm<>- 
metex. 


i     '      .        •  " 
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AHALT8I8  OF    TBS v  CL AT    OF .  WHICH   THE   TiIX&MOMSTl|IC 

;  PlBeSS   ARS  FORMSD. 

« 

THIS  clay  makes  no  efiervefcence  with  acids.  Diluted  ni- 
tipus  and  iparine  ac;ids  beiog  boiled  upoa  it»  and  afterwards 
faturated  with  fixed  alkali;  no  precipitation  or  turbidnefs  ap« 
peared.  It  therefore  contains  nocalcareous  earthy  as  that  earth 
would  have  been  diflblved  by  the  acids,  and  precipitated  from 
them  by  the  alkalis 

Calcined  with  powdered  charcoal,  it  contracted,  no  ful- 
phureous  fmell,  and  the  adds  ha4  no  ny>re  a£tioa  upon  it  than 
before.  It  therefore  contains  no  gypieous  matter,  or  combi- 
nation of  calcareous  earth  with  vitriolic  acid ;  as  that  acid 
would  have  formed  fulphyr  with  the  infiartimable  principle,  of 
the  charcoal,  s)nd  left  the  calcareous  earth  pure,  or  in  a  flate 
.of  fblubilitjr  by  acids. 

Some  of  the  day  was  calcined  with  an  equal  weight  of  fait 
of  tartar,  which,  for  the  greater  certainty  in  regard  to  its 
purity,  jiaid  been  run  per  deliquium^  and  afterwards  evaporated 
to  ^cynefs.  The  calcined  mixture  was  bpiled  in  water,  the 
filtered  liquor  (lowly  evapomted^  and  fullered  to  cool  at  inter- 
vals. No  cryftallization  was  formed;  the  dry  fait  appeared 
merely  alkaline  as  at  firft,  ^and^  deliquiated  in  the  air ;  a  further 
proof  that  this  clay  C9ntains  np  gypieous  matter ;  for  the  vitri- 
olic  acid  would  have  been  abforbed  by  the  alkali,  and  formed 
vitriolated    tarta^,    a  .fait  which  neither  liquefies  in  the  air, 

U  u  a  nor 
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nor  diffolves  eafily  in  water,  and  which  therefore  would  havc^ 
cryftallized  long  before,  thc  aUcjili  became  dry,  or  remained 
after  its  deliquiation. 

A  twentieth  part  of  gypfum,  ground  with  clay,  was  very 
^Wix^HS^ffskik  by  bdth) tfaa.  fcrogoiiyg.  .|orocD&s  ;:|)r9d«Kti|;g  9 
fulphureous  fmell,  ai^tl  t^ltireous  Wrtrli  ty  calcination  with 
cjiarcoal  powder ;  arid  cryftals  of  vitriolated  tartar  by  calcina** 
tibri  with' the  fame  alkaline  la!t.  •     -  '  ^  ^'  '  -'  •  ^ 

"TiiYeparate  th^  pure'yj^il^dedW'JArt,^  tfiitteittef' 
ip  all  cli^^  forrtas 'alotn  WitJi  the' ^  vifeclic  'acM,  -44^  gnfin^  of 
this  clay  were  tlioroughly  'rfioJftened  wit?i  oH  oF  Ttttiol,-  h&Uti 
Xo  drynefsV  tand  at'  lafl  Wade  nearly  red-hot.  The  ffli^tiife  was 
then  boiled  in  water ;  the  earth  which  remained  tin6^fi^l¥ed 
was  treated  again  in  theffame  triafirn^r^wftli  TttHolic  actd'j  ^nd 
this  operatioii' repeated  iSVe  6i  fi:i  titnes;  '  The  •eliijr  was  4kni- 
niAed  in  the  firft  operation  about  70  grains}  ^but^f^  find  Seisin 
the  fuccceding  ones,  and  in  the  lift  icarcely  t?wo  grains.  The 
filtered  ijouofs  yielded  tiyftak  of  truealum^t'Iwtits-qitenfity 
was  riot  examinfed,  as  the  product  tJf '  ^m  from  aluftniious 
earth  is  already  fufficiently  known,  and  the  quaii^iy  of  akK 
xrilnous  earth  itfelf^  or  its  proportion  to  the  indiflbltAJfe  ^arth, 
was  here  the  objeft/  Prom  the  240  grains  df^Iay  there  re- 
niained  in  one  experiment  98,  and  in  an6tfeer  95  gKdiis  of 
indiflbliib^e  earth ;  fo  that  five  parts  of  this  'clay  toxiSk  of 
^tliree  parts  pf  pure  argillaceous  or  alum  earth,  and  to^ro  parts 
of  an  earth  of  a  different  kind. 

.  With  refpefl:  to  ihe  nature  of  this  laft  earth.  It  is  eaflcr  to 
.ietercnine  negatively  what  it  i«  not,  than  positively  whatk  is.; 
b.ut  afcertairiing  the  Ibrmer  will  be  a  great  ftep  toWafds  the 
difcovery  of  the  latter. 

2  That 


f6r  miMfuring  tJk  higher'  D^greis  of  Msaf^  ice:        51  £ 

That  It  iS'Bot  calcareoiM,  gypfeous,  or  afgillaccousi,  is  naa-: 
nifaft  4tem  «he  «xperimeiits.~It  is  not  jafper;  as  this  confifts, 
in  greftt  part,  cif  ^FglHaoeous-  earth,  which  would  faaye  beoQ^ 
extraAtd  hf  the  vitf k^Uc  fiei4.*~It  ifs  pot  fluor ;  as  this,  by  nh^ 
fame  acid,  would  have  be«ti  ^ecomp^&d,  itSjo«m  acid  ^ xpelisd^ 
ajid  a  gypfeous  earth  left.T— It  is  not  of  the  micaceous  kind  ;  as 
the  peculiar  afpefl:  of  thefe  earths  would  readily  betray  them 
to  the  eye.-— It  is  not  granite ;.  for flrong  fire,,  which  granite 
melts  in,  has  no  efle£t  upon  this^ 

Nor  is  there  any  known  kind  of  earth  to^which  it  is  in  any 
degree  fimilar,  except  thofe  of  the  filiceous  order ; :  and  with 
thefe  it  perfeftly  agrees  in  all  the  properties, .  I  am  acquainted - 
with,  that  they  ppfiefs  in  a  ft  ate  of.  powden  - 

It  does  not  vitrify  or  foften  with  pure  clay,  in  the  ftrongeft' 
fire  I  have  been  able  to  pji^^jjuos.  Nor  is  it  difpofed  to  melt 
with  the  matter  of  jil^i^^  pfvci^lipsi  G^  a  little  of  it  rubbed 
on  the  infide  of  n  ^ig^^^;d$f  and  ^rgpd  Wid}  strong  fire, .  conti- 
nued white,  p^fw^^p^^gi^^fi^tm:<d*  ^S^jrfy  grains  of  this 
earth:  were  rnitf^'  lailJti  gn  equ?!  wei^^hjt  ©^  dry  foflil  alkali, , 
and  the  fame  qwa^iSil^/  of  ^  fi^m  yvbite  c^y^ffsf^  fand  was  mixed 
with  the  fame  pfoporrtqp  of  the  {stm^  alkali':  the  two  mixtures 
were  put  into  two  fma^  ci^cibljes,  which  were  furrounded 
with  fand  in  a  larger  one,  tl^jetjboth  might  be  expofed  to  an 
equal  heat. .  They  both  began  to  melt  at  the  fame  time ;  and 
at  about  So''  of  the  therinomcter  they  had  formed  pcrfeft 
tranfparent  glades. . 

Though  thefe  properties  may  not,  perhaps,  be  thought  fuf- 
ficient  of  themfelves,  for  determining  with  certainty  that  this- 
fubftance  is  of  the  filiceous  kind  ;  yet,  when  joined  to  the  ne- 
gative proofs,  of  it-snot  belonging  ta  any  other  known  order 

oft 
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of  earthy  bodies,  they  aSbrd  the  fulleft  evidence  which  the 
nature  of  the  fubjed  can  admit  of,  that  the  indiflbluble  pait 
of  this  clay  is  truly  Aliceous ;  and  coufequently  that  the  daj 
conftfts  of  two  parts  of  pure  filiceous  earth,  to  three  parts  of 
pure  argillaceous  or  aluminous  earth. 
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XX..  Ah  Analyjii  of  Two  Mineral  Suh/IanceSj  viz.  the  Rowleys 
rag-flone,  and  the  Toad-ftone.  By  William  Withering^ 
At  Z). ;  comnmcaud  by  Jofcph  Prieftley,  Lh.  D.  F.R.  S^ 
to  Sir  Jofeph  Banks,  Bart.  P.  R.  S. 

ReaclMay  i6y  178^. 

TO  SIR  JOSEPH:  BAViKSy  BART.  E.  R.  S^ 
I>EAR  SIR,  jKminglMm^ 


I  HAVE  the  pleailiiie  tO)  lay  before  you  an  analyiis  of  two^ 
mineral  fubftances  by  Dr.  with£rik9  of  Birmingham^ 
whofe  accuracy  in  proceiles  of  this  kind  will,  I  doubt  not^. 
^ve  you  and(  the  members  of  the  Royal  Society  great  fati^ 
ia^ion.. 

It  may^  perhaps^  throw  fome  additional' light  on  the  fubjed 
of  thefe  ibffila  to,  inform  you,  that  the  Rowley-rag  appears,, 
by  its^  texture  be&re  and  after  fufion,  and  alfo  by  the  quantity 
and  quality  of  the  ak  which  it  yields  in  fufion,  to  be  the  fame- 
thing  widi^  the  bafahes  witb  which,  you  have  £ivoured  me  from. 
Scotland ;!  ^d  that  the  Toad-ftone,  treated  in  the  fame  maa- 
ner,  appears  (after  the  calcareous  part  has  been  diflblved  out  of 
k)' to  refemble  (bme  of  the  fpecies  of  lava,  except  that  it  yields 
much'dore  ate.    As  Dr.  wiTH^RiNahas  ient  fpecimens  of .  the 
foflils  in  their  natural  ftate,  I  thought  it  might  not  be  amifsto. 
preient  along  with  them  the  gla^ /uij^anc^i^iv^o  whicb  they 
are  reduced  by  fufion. 

1  am,  with  the  greateft^refped,  &c.. 

J.PR.IESTJLEYC 


22*  Dr.  \*iTff6ftiN^  en  (be 
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TO    DR.   PRIESTLEY, 
B  I  It-  .  Bir«tn«lu!n« 

I  NOW  i^nd  you  the  refults  oF  rtry  cxamlnitioil  of  the 
Toad-ftone  and  the  Ro^Vley-rng-ftone  j  Iriing  part  of  a  plan 
Avhich  I  have  long  fince  formed  for  a  chemical  analyfis  of  all 
'the  fubftance«  that  .are  known  Co*  exift  in  the  earth  in  larg« 
quantity. 

Some  y  eai'S  ago  1  tnmfmitted  to  the  Hoyai  Society  an  analyfis 
bf  the  different  marles  found  in  Staffordftiire,  which  they  did 
tne  the  honour  to  Infert  in  their  Tranfa£l:ions  J  if  they  think 
^h^fe  papeVi  Vik€\vi(k  worth  thecr  ad^pdon^  I  flabU.  Jdlid  diem 
4X\^  reCMVs  e^"  U^y  f\ltdrb  iA^Vk(ri«^ 

In  t^6  t&xi^k  df  ^k|)(feriiliehts  ^t^h^ch  this 'iiut^^ilias  led  mc 
^ey,  I  -found  it  cid^ivehiiiu  td  form  fiMiie  ftsw  tiblte^  and  to  en- 
large fome  that  -were  lefs  completely  formed  before. .  TbA 
tafefe$  ^ill  fee  tifeffrl  in  other  b%'&iKht6  of  rfabmical  iaqiiry. 
^Ohe  of  therti  I  fubjoki  to  the  ptfeftnt  papers.  The  fefts  talbeii 
^MiA  M.  MAt^EA  are  marked  ^th  an  m  ;  thofe  with  the  ♦ 
-are  the  cpiifd:iuehce  of  iny  oWn  elcperimentsw 

In  ordfer  to  faive  much  rq>etiti6ft  in  futotey  k  nrtay  not  be 
Amifs^o  mention,  once  for  all,  a  fiwv  p^rPicalttrs  ia  th^  iCohd^ 
•of  theft  procefles*. 

I  ft.  By  wdtir^  is  always  i¥^a!ttri^tcr  '^iiHlled  m  gkft  Vef* 
fds,  or  by  means  of  a  lalrge  tia  teffrijgdr^ttfery  in  Mr^iRWiN's 
inefhod.  ^^  .        t 

id!y,  On!y  glafs  or  china  vdfek  arft  tofed  in  the  Bquid 
^procefles. 

3dly,  By  a  mortar  1  mean  tliofe  cxcellCTft  ones  made  by 

lUk.  w&DO&wdoD ;  ot^  as  will  be  fpecified  at  the  time,  a  fteel 

«ortar 
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mortar  tempered  fo  hard  that  it  will  bear  the  grinding  of  ena-- 
mel  In  it  without  difcolouration. 

4thly9  Filtres  arc  never  employed,  it  being  found  impoflible 
to  get  the  quantities  accurate  where  they  are  ufed.  The  pow- 
dery paf  ts  are  allowed  to  fubfide  until  the  fupernatant  Uquor 
becomes  clear.  This  ibmetimes  requires  days  6r  weeks ;  but  I 
am  ignorant  of  a  better  method.  By  gpiving  the  veffels  a  cir- 
cular motion  round  their  axes,  I  can  greatly  facilitate  the  fub- 
fiding  of  the  folid  contents*  If  the  feparating  veffels  are  made 
like  a  Gommou  tart-difli,  with  a  fpreading  border,  the  liquors 
may  be  poured  off  very  near,  without  difturbing  the  fediments, 

5thly,  Phlogifticated  alkaly  means  the  vegetable  fixed  alkaly 
prepared  by  the  deflagration  of  nitre  and  cryftals  of  tartar  dif- 
iblved  in  water,  and  boiled  with  Pruflian  blue  in  (lich  quantity 
that  it  vfiliX  hot  any  longer  precipitate  an  earth  from  an  acid« 


I  remam,  &c. 


W.  WITHJ£RING. 


R  O  W  L  E  Y-R  A  G. 

THE  ftone  which  is  the  fubjeft  of  the  following  expe* 
riments  forms  a  range  of  hills  in  the  fouthern  part  of 
Stafibrdfhire.  The  lime^-ftone  rocks  at  Dudley  bed  up  againfl: 
it,  and  the  coal  comes  up  to  the  furfi^ce  againft  the  liaie-ftone» 
The  higheft  part  of  the  hills  is  near  the  village  of  Rowley. 
The  fummit  has  a  craggy,  hrpken  appearance,  and  the  fields 
on  each  fide  to  a  confiderable  diftance  are  fcattered  over  with 
Urge  fragments  of  the  rock,  many  of  which  are  funk  in  the 
ground.    In  a  quarry  near  pudley,  wl^i&re  a  j>re|ty  ^arge  open- 
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ing  has  been  made  in  order  to  get  materials  for  mending  the- 

roads,  the  rock  appears  to  be  compofed  of  mafles  of  irregular 
rhomboidal  figures  :  fome  of  thefe  mafles  inclofe  rounded  peb- 
bles of  the  fame  materials.  At  the  diflance  of  four,  five,  or 
fix  miles  from  the  hills,  as  at  Bilftoh,  Willenhatl,  and  Wed- 
nefbury,  the  Rag-ftone  is  frequently  found  fome  feet  below 
the  furface  in  rhomboidal  pieces,  forming  .an  horizontal  bed" 
of  no  great  depths  and  feldoiii  gf  more  thaii  a  few  yards  ex- 
tent. Over  the  whole,  of  tliis  ttaft  of  gountry  it  is  u(ed  to 
mend  the^roads,  and  lately  h^s  been  carried  to  Birmingham  tcr 
pave  thie  ftreets.  Some  people  fell  it.  ih  powder,  as  a  fubftitute 
for  emery  iu  cutting  and  polifliing; 


MOB:E,    OlBVIOXTS     P  X  Q  P,E.R.T  I  E  S.. 

Its  appearance  dark  grey^  with  nuiBerous  minute  fhihing. 
cry  {talis.  When  expofed  to  the  weather  gets  an  ochry  colour 
on  the  outfide;  ftrikes  fire  with  ftecl;  cuts  glafs;  melts,, 
though  not  eafily,  under  the  blow-pipe.  Heated  in  an  open, 
fire  becomes  magnetic,  and  lofes  about  3  in  10.0  of  its  weight.. 


E  X.P  E  R  r  M.E.N  T  S.. 

A.  After  three  drams  had  been  broken  to  fmallpleces  wifK  a* 
hard  fteel  hammer,  upoit  a  plate  of  the  fame  metal.  It  was 
ground  to  an  impalpablft  powder  in  one  of  Mr.  wedgewoodV 
China  mortars^^  The  mortar,  which  had  been  previoufly 
weighed,  loft  only  one-third  of  a  grain  weight -during  this 

operation. 

B.  This  powder  was  repeatedly  wafhed  with  pure  water,  fa 
as  to  carry  cfF  all'the  finer  parts,  and  the  coarfer  ground  again,. 

until 
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until  the  whole  was  waflied  away.  The  wafliings  were. then 
filtered,  and  the  powder  carefully  collefted  and  dried..  The 
water  employed  in  the  waihihgs  did  not  appear  to  have  diffolved 
any  part  of  the  ftone ;  for  no  precipitate  was  formed  either 
upon  the  addition  of  tniid  fixed  alkaly,  or  of  filver  diilblved  in 
the  nitrous  acid. 

C.  100  parts  of  this  powder  were  put  into  a  fmall  mattrafs, 
and  covered  with  marine  acid :  a  degree  of  heat  was  excited^ 
and  a  very  flight  effcrvefcence  took  place.  Water  was  then 
added,  and  the  mixture  kept  boiling  for.  half  ai>  hour.  The 
liquor  was  decanted  off,  and  more  acid  added,  which  was  boiled 
as  before.  This  was  decanted,  and  the  refiduum  waihed  with 
water  until  the  water  came  off  taAelefs.  Thefe  waters  were 
added  to  the  liquors  before  decanted.  Thp  powder  had  now 
an  a(h-coloured  appearance,  and  when  dried  weighed  80 1. 

To  the  liquors  (C)  phlogifticated  fixed  alkaly  was  added, 
until  no  more  Prufliaa  blue  was  precipitated.  To  effect  thi^ 
it  took  one  ounce,  five  drams,,  and  twelve  grains  of  the  phlo* 
giflicated  alkaly.  The  precipitate,  when  waihed  and  dried, 
weighed  47. 

E.  The  powder  of  80  J  (C)  mixed  with  twice  its  weight  of 
foflile  fixed  alkaly,  was  put  into  a- black  lead.  Qrucibb,  and  fs^^ 
pofed  to  a  red-heat  for  two  hours.  The  heat  was  never  fuffi- 
cient  to  render  the  mafs  .fluid,  nor  to  make  it  adhere  firmly  to 
the  crucible.  The  faline  part  was  then  waflied  away  by  re- 
peated effufions  of  hot  water.  To  the  remaining  powder 
marine  acid  was  added  repeatedly,  and  boiled  as  before.  The 
powder  was  now  perfeftly  edulcorated  by  hot  water,  and  when 
dry  weighed  47 1. 

The  above  liquors  were  all  added  to  the  liquor  (C),  and  phlo* 
-gifticated  fixed  alkaly  was  dropped  in,  until  no  more  Prufliafl 
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blue  was  precipitated.  To  efieffc  this^  half  an  ounce  of  the 
alkaly  was  required.  This  precipitate  weighed  19  ;  ib  that 
the  whole  of  die  Pruflian  blue  weighed  66.  After  calcination 
in  a  crucible  it  was  reduced  to  jii,  and  was  then  wholly 
attrafted  by  a  magnet. 

F.  Mild  fixed  alkaljr  was  now  gradually  added  to  the  liquors 
after  the  reparation  of  the  Pruflian  blue^  and  a  white  powder 
was  precipitated.  This  powder,  when  well  wafhed  and  driedi 
weighed  461.  After  being  expofed  to  a  low  red*heat  for  tea 
minutes,  it  weighed  only  3  ai . 

G.  The  edulcorated  powder  (E)  was  now  perfedly  white; 
was  not  a£ted  upon  either  by  the  vitriolic,  nitroiis,  or  marine 
acids,  but  readily  melted  into  a  glafs  .with  foflile  fixed  alkaly ; 
during  the  melting  an  effervefcence  took  place. 

H.  The  white  powder  (F)  readily  diflblved  in  diluted  vitriolic 
acid,  and  under  a  (low  evaporation  formed  cryftals  which  had 
the  appearance  and.  the  tafle  of  allumu 

'  l^heie  cryflak  were  then  reduced  to  pdwder,  and  boiled  in 
alcohol.  The  alcohol  wa3  decanted  off,  but  did  not  appear  to 
have  diflblved  any  pan  'of  the  powder ;  nor  did  it  afibrd  any 

precipitate  upon  the  additibbof  mild  fixed  alkaly« 

«   •      •   •    « 

t  O  N  c'l'u  B  I  ON  8. 

From  thefe  experiments  it.  appears,  that  the  Rowley-rag- 

ilohe  confifls  of  fili(:cQus  lOarjth,  olay^  or  earth  of  allum^  and 

•calx'of  iron*.  ,  From'  th^ .latter  mu/l  be  d?du£ted   i  li  for  the 

quantity  of  calciform  iron,  found  by  experimenrt  to ;  be  con- 

taiiied  in  .the ,  quaniity  of,  ph|ogiflicated  alkaly  rnade  \^  of, 

*and  then  the  proportion^  in  100  parts  of  the  ftone  will  be 

thefe: 
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Pure  filiceous  earth  «  47! 

Pure  clay,  free  from  fixable  air       32} 
Iron  in  a  calciform  ftate        «         20 


100 


From  this  view  of  the  component  parts  of  this  ftone^  it  Is 
not  improbable,  that  it  might  advantageoufly  be  ufed  as  a  flux 
for  calcareous  iron  ores.  The  ms^ers  of  iron  are  acquainted 
with  fuch  ores ;  but  never  could  work  them  to  advantage,  for. 
want  of  a  cheap  and  efficacious  flux. 


T  O  A  D  -  S  T  O  N  E. 

FROM  Derbyihire ;  fent  to  me  by  Mn  whitehurst,  who) 
has  fb  fully  and  to  accuratdy  deicribed  the  mode  of  its  ftratifi-^ 
cation,  that  it  is  needlefs  .to  enlarge  upon  that  fubjed. 

« 

MOKE    CBVIOUS    PROPERTIES* 

Of  a  da^k  browhtfliigcey,  a  granulated  texture ;  wttH  {vretzW 
cavities  filled  Krith  ciTflalUsed  (par.  It  does  not  ftrik&  fire.: 
with  fteel.    It  mehs'  to'  a'  black,  glafs. . 

S  3£.P  ER  I  M  B^N  T  S. 

A.  100  parts  rubbed  to  an  extremely  fine  powder  in  a<cKina>. 
mortar,  and  boiled  in  marine  acid ;  the  (bliition  was  decanted : : 
the  undiffolved  part,  after  proper.waflifaig and  drying,  weighed. 

B.Thfi 
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B.  The  undiffolved  part  was  rubbed  with  twice  its  weigte 
of  mild  foffil  alkaly,  and  then  expofed  to  a  red- heat  in  a  black 
lead  crucible  for  one  hour. 

C.  This  mixed  mafs  was  reduced  to  powder,  and  repeatedly 
boiled,  firft  in  marine,  afterwards  in  ftrong  vitriolic  acid :  the 
refiduum  now  weighed  ^6^  and  was  perfectly  white. 

D.  The  liquors  of  exp.  A.  and  C,  being  put  all  together, 
phlogifticated  fixed  alkaly  was  added  until  no  further  precipi- 
tation enfued^  This  precipitate  was  a  Pruffian  blue,  which, 
when  wafhed  and  dried,  weighed  56^. 

After  cxpofurc  to  a  red-heat  in  a  crucible  for  forty  minutes, 
it  weighed  only  29,  and  was  wholly  attracted  by  the  magnet. 

Now  the  2  oz.  5  dr.  and  32  gr.  of  phlogifticated  fixed 
alkaly  ufed  in  this  experiment  contain  13  gr.  of  calciform  iron, 
as  afcertained  by  a  feparate  trial ;  therefore,  deducing  1 3  from 
29,  we  have  liS  for  the  quantity  of  calciform  iron  obtained 
from  the  ftone. 

E.  The  earthy  parts  were  next  precipitated  ifrom  the  liquors 
by  the  addition  of  mild  foflil  alkaly.  The  precipitate,  when 
perfe£tly  edulcorated  and  dried,  weighed  29^*. 

F.  Diftilled  vinegar  wa«  added  to  this  powder,  and  fufFered 
to  ftand  in  a  cool  place  for  four  hours ;  the  vinegar  was  poured 
off,  and  the  refiduum  repeatedly  wafhed  with  pure  water.  To 
thefe  liquors  mild  fixed  alkaly  was  added^  and  a  white  precipi- 
tate fubfided,  which,  when  wafhed  and  draed,  weighed  7  /^^ 

G.  To  the  refiduum  (F)  dilute  vitriolic  acid  was  added :  a 
folution  took  place,  which  fblution,  by  evaporation  and  cry- 
ilallizatioh,  yielded  allum. 

H.  The  part  of  the  refiduum  (F)  undifiblved  by  the  vitriolic 
acid  was  boiled  in  nitrous  acid,  in  marine  acid,  and  in  aqua 
dregia,  without  being  diminifhed ;  the  weight  of  it  whes  dried 

tvas 


\ 
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was  7  /^y  It  could  not  be  fufed  by  the  greater  heat  of  a  blow- 
pipe, but  melted  into  a  glafs  when  mixed  with  calcareous 
earth. 

!•  The  iindiffolved  part  (exp.  C.)  was  not  fufible  by  itfelf ; 
nor  was  it  a6£ed  oa  by'  vitriolic,  nitrous,  or  marine  acid.  It 
melted  into  a  gfafs  with  foflil  alkaly. 

K^  The  precipitate  of  7^  (exp.  F.)  after  a  fufficient  expo- 
sure to  heat  was  put  into  an  ounce  of  water :  ^he  next  morning 
the  water  had  a  pellicle  upon. its  furface,  and  tafted  I'dce  lime- 
water.. 


CO-N  c  L  u  s  I  o  N  s. 

Hence  it  appears,  that  roo  parts  of  this  fpecimcnof  Toad- 
fione  contained 

C.  Siliceous  earth         •  —  "^         5^ 
H.  More  ditto             -  .  - 

D.  Calcifbrm  iron  •  -               *•                  16 
F.  K.  Calcareous  earth  •  •              •            .  74^ 
G^.H.  Earth,  of  allum  ^  ^            ^             i^^^ 

lOI 


U=^^^ 


From  the  addition  of  i  ^V  of  weight  it  is  probable,  that  the 
fdbflances  capable  of  uniting  with  fixable  air  were  not  in  the 
Q>ecime&  ufed  fully  faturated  with  it,  as  they,  would  be  after 
t^eir  precipitatioa  by  the  mild  alkaly  w 

Upon  repeating  thefe  experiments  witfc- different  portions  of 
the   Toad-ftbne,  the  quantities  of  the  calcareous  earth'  were 
found  to  differ  a  little ;  but  nothing  further  appeared  to  invali-  - 
date  the.  general  conclufions. 
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XXI.  Niv  FttHdmHenfat  Ettpirimntt  upm  the  Ctffifiou  tf 
BuXes.  By  Mr,  John  Smeatoh,  F.  R,S,mo  Letter  to  Sir 
Jo&flti  Banks,  Bart,  P.  R,  S, 

* 

Read  April  x8,  1781. 

*  • 

TO  SIR  JOSEPH  BAN&Sj   BAR¥«  F«  M.  Ss 
SIR,  ' 

THE  fubjc£(s  of  the  inclofed  traft  have  been  the  objed  of 
my  coofideration  for  many  years  paft ;  and  as  they  con-> 
tain  fbme  matters  that  have  not  only  been  varioufly  reafbned 
abouty  but  varioufly  concluded  upon ;  if  what  is  contained 
therein  (hall  appear  of  fuch  a  nature  as  either  to  eflablifli  truth, 
as  it  appears  to  me ;  or  to  prompt  ibme  more  able  perfbu^  in 
reviewing  the  fubjed,  to  fliew  what  links  in  my  chain  of  rea* 
fbning  thereon  are  defedive,  ib  as  to  eftabliih  the  whole 
doArine  of  moving  bodies  upon  one  plain  confident  bafis,  my 
end  will  be  equally  anfwered  in  offering  them  to  you,  to  be  laid 
before  the  Royal  Society,  in  cafe  you  (hall  think  that  the  im- 
portance ;of  the  fubjed  fhall  merit  the  {ame :  furthermore^ 
I  hope  to  be  forgiven,  if  in  fbme  parts  of  this  paper  I  have 
exprefled  my  felf  with  more  pointednefs  than  I  might  have 
done,  for  I  declare,  that  it  was  folely  owing  to  my  earnefl-^ 
nefs  that  the  fubjedt  of  mechanic  motions  and  powers  fhould 
be  fully  and  freely  invefligated,  zad  eflablifhed  upon  grounds 
that  fhall  be  uncontrovertible. 

I  have  the  honour  to  be,  &c. 

April  18,  1782, 

Vol.  LXXII.  Y  y  IT 
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IT  is  univerfally  acknowledged^  that  the  firft  fimple  prin- 
ciples of  fcience  cannot  be  too  critically  exanuned,  in  or 
der  to  their  being  firmly  eftabliflied ;  more  eipeckdly  thole 
which  relate  to  the  pradical  and  operative  parts  of  mecha- 
nics,  upon  which  much  of  the  a£Hve  buiinefs  of  mankind 
depends.  A  fentiment  of  this  kind  occafioned  my  tra^  upon 
Mechanic  Power^  which  was  publifiied  in  the  PhilofophicaL 
Tranfaftions,  vol.  LXVL  for  the  year  1776.  What  I  have  now 
to  ofier  was  intended  as  a  fupplement  thereto,  and  the  expe- 
riments were  then,  in  part,  tried ;  but  the  completion  thereof 
was  deferred  at  that  time,  partly  from  want  of  leifure ;  partly 
to  avoid  too  great  a  length  of  the  paper  itfelf ;  and  partly  to 
avoid  the  bringing  forward  too  many  points  at  once*  My 
prcfent  purpofe  is  to  (hew,  that  the  true  doctrine  of  the  co/* 
lifion  of  bodies  hangs  as  it  were  upon  the  fame  hook,  as  the 
do£lrine  of  the  gradual  generation  of  motion  from  reft,  confi- 
dercd  in  that  paper ;  that  is,  that  whether  bodies  are  put  into 
gradual  motion,  and  uniformly  accelerated  from  reft  to  any 
given  velocity;  or  are  put  In  motion,  in  an  Inftantaneous 
manner,  when  bodies  of  any  kind  ftrike  one  another ;  the 
motion,  or  fum  of  the  motions  produced,  has  the  fame  relation 

* 

to  mechanic  power  therein  defined,  which  is  neceflary  to  pro- 
duce the  motion  defired.  To  prove  this,  and  at  the  fame 
time  to  fliew  fome  capital  miftakes  In  principle,  which 
have  been  ajfumed  as  indifputable  truths  by  men  of  great  learn- 
ing, is  the  reafon  of  my  now  purfuing  the  fame  fubjeft* 

I  do  not  mean  to  point  out  the  particular  miftakes  which 
have  been  made  by  particular  men,  as  that  virould  lead  me  into 
too  great  a  length :  1  (hall  therefore  content  myfelf  with  ob- 
lervlng,  that  the  laws  of  collifion,  which  have  been  invefti- 
gated  by  mathematical  philofophers,  are  principally  of  three 
kinds ;  viz.  thofe  relating  to  bodies  perfeftly  elajlic ;  to  bodies 

perfedlj       1 
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perfeftly  unelaftic,  and  perft&ly/ofe ;  and  to  bodies  perfeftly 
unelaAiCy  and  perfeftly  bar  J.  To  avoid  prolixity,  I  ihall  confider 
in  each,  only  the  (imple  cafe  of  two  bodies  which  are  equal  in 
weight  or  quantity  of  matter  ftriking  one  another.  Refpe£ling 
thofe  which  are  perfedly  elaftic,  it  is  univerfally  agreed,  that 
when  two  fuch  bodies  Arike  one  another,  no  motion  is  loft ;  but 
that  in  all  cafes,  what  is  loft  by  one  is  acquired  by  the  other : 
and  hence,  that  if  an  elaftic  body  in  motion  ftrikes  another  at 
reft,  upon  the  ftroke  the  former  will  be  reduced  to  a  ftate  of 
reft,  and  the  latter  will  fly  off  with  an  equal  velocity. 

In  like  manner,  if  a  non-elaftic  fifl  body  ftrikes  another  at 
reft,  they  neither  of  them  remain  at  reft,  but  proceed  together 
from  the  point  of  coUifion  with  exadly  one  half  of  the  velo^ 
city  that  the  firft  had  before  the  ftroke ;  this  is  alfo  univer- 
fally allowed  to  be  true,  and  is  fully  proved  by  every  good 
experiment  upon  the  fubjeft. 

Reipe<9ing  the  third  Ipecies  of  body,  that  is,  thofe  that  are 
non^elaftic,  and  yet  perfedUy  hard ;  the  laws  of  motion  relating 
to  them,  as  laid  down  by  one  fpecies  of  philofophers,  have 
been  reje^ed  by  another^  the  latter  alledging,  that  there  are 
no  fuch  bodies  to  be  found  in  nature  whereon  to  try  the  experi- 
ment ;  but  thole  who  have  laid  down  and  afligned  the  doftrine 
that  would  attend  the  coUifion  of  bodies  of  this  kind  (if  they 
could  be  found)  have  univerfally  agreed,  that  if  a  non-elaftic 
Aard  body  was  to  ftrike  another  of  the  fame  kind  at  reft,  that, 
ill  the  fame  manner  as  is  agfeed  concerning  non-elaftic  foft 
bodies,  they  neither  of  them  would  remain  at  reft,  but  woulcl 
in  like  manner  proceed  from  the  point  of  coUifion,  withexadtly 
one  half  of  the  velocity  that  the  firft  had  before  the  ftroke :  in 
ihort,  thfey  lay  it  d6wn  as  a  rule  attending  all  non-elaftic  bodieis, 
whether  hard  or  foft,  that  the  velocity  after  the  ftroke  will 
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ba  the  fame  in  both,  vi%.  one  half  of  the  vdopity  ^  the  (rrigi- 

n<il  ftriking  body. 

Here  is  therefore  the  alTumptloii  of  a  pmictplG^  whidh  ia 
reality  is  proved  by  no  ei^perli^eats  iK>r  by  any  fair  dedoAicm 
of  rwfou  that  I  know  of,  vi*.  that  the  velocity  iif  tite^liftie 
i&^r4^  bodies  after  the  ftroke  mx^  be  tbb  hsak  ad  ithat  refpUiog 
from  the  ftroke  of  iioii*elaftic  fojt  bodies  \  aud  the  q\ieftk»i 
now  is,  whether  it  is  true  or  not  ?    . 

Here  it  may  be  very  properly  a&ed,  wihae .  \\X  ef&As  caa 
refult  to  pra^ical  men,  if  phikx&ph^s!  (bould  it^afitai  wroag : 
concerning  the  efie^a  of  what  ddea  not  eiift  hi  nature^  fiote 
the  pra^ical  meci  can  have  no*  fueh  materiata  to  work  tipon,  or 
misjudge  of?  But  it  h  anfweredf  that  they  who  infer  an  equa** 
lity  of  edeAs  between  the  two  £Mrt6»  inay  iifona  thenee  be 
milled  themfelves^  and  in  coniieqiWQce  imilead  practical  tnkxt 
in  their  reafonings  and  conclufions  conoenmig  the  fiMt  with 
which  they  have  abundant  cocicern,.  to  wit,  the  xton^Iaftic 
fofi  bodies^  of  which  water  ia  one,  ithich  they  liave  much  ta 
do  with  in  their  daily  praAice. 

Previous^  to  the  trying  my  experiment  on  mills  I  never  had 
doubted  the  truth  of  the  doArine,  that  the  fame  velocity  re- 
fulted  from  the  ftroke  of  both  forts  of  non  -elaflic  bodies ;  but 
the  trial  of  thoie  experiments  made  me  clearly  iee  at  kaft  tiie 
inconclufivenefs,  if  not  the  falfity  of  that  do^rine :  becaufe  I 
found  a  refult  which  I  (Hd  not  expe£k  to  have  arifen  from  atfaer 
fort ;  and  for  the  which^  when  it  appeared  from  experiment,  I 
could  iee  a  fubftantial  rea£bn  why  it  ihould  take  plaoe  in  one 
fort,  and  that  it  wa&  inxpoffihie  that  it  could  take  place  in  the 
other ;  for  if  it  did»  the  bodies  coukl  not  have  been  perfectly 
hardy  which  would  be  contrary  to  the  hypothefis^  Of  this 
deduction  I  have  given  oodce  in  my  l^d  traid  on  miUs>  pub- 

lilhed 
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Ikbed kttke  PbUdfe^bkftlTnm&aioti^  iroL  LI.  for  the  year 


1-759*. 

It  may  aifo  i)e  faid,  that  fioce  wc  have  110  bodi6s  perfeftly 
eiiyftict  or  ^rfeftly  \itidl»ftic  andy2//,  why  ihould  we  expe^l  and 
bodies  perfe^lyuttiAaflio  and  tardP  Why  may  not  the  efl^s  be. 
ftfoh  adrihtfttld  fcfidc  fromf  a  fuffpo^tiiMi  of  their  beihg;  tmper-' 
fi»fy  elqfiic  joined  with  their  being  imperfieify  hard  f  But  hei^ 
I  itiuft  obferve^  that  tife  ihppoikioc^  ap^ieirs  to  be  a  contfa- 
didion  in  terms* 

We  have  bodies  which  aire'fci  nearly  perfe^ily  elaftic,  that  the 
law^  may  be  very  well  ded\i(2ed  and  confirmed  by  them;  and. 
the  fame  obtaina  with  cefpeft  to  non-elaftic^^  bodies ;  but  con- 
oeruing  bddiea  of  a  miioed  xuuuve,  which ^re  by  far  the  greateft 
nwiibefy  fo  f^t  as  they  are  warning  in  elaAicity,  t\ity  are  foft^ 
ami  brtfifi^-yUU^  wiuve  a  mark  in  collifion ;  and  fo  f^r  as 
they  are  oot  perfcdly  Jbft  they  are  elaftic,  and  obferve  a  mix- 
tore  of  the  law  relative  to  each ;  but  imperfe^ly  elaftic  bodies, 
iif^perfe^ftly  hard  edme^  in  reality*  ufader  the  fame  defer iption 
as  the  formed  mixed  lxxlie&:  for  fo  far  as  they  are  >mperfe<9:Iy 
hard  they  are  foft,  and  either  kruife  and  ykld^  or  leave  a  riiark 
in  tlie  iWoke ;  and  fo  ^r  sts  they  want  perfed  elafticity, 
they  are  non*elailic ;  thai  is  to  fay,  they  arc  bodies  imperfedly 
ela^,  a«d  imperfeiftly  fbft ;  ^rii  in  hfX  I  have  i>ever  yet  feen 
any  bodies  bat  what  come  under  this  defcnption.  It  feems, 
therelbre,  that  refpe£ting  the  bardnefs  6f  bodies  they  differ  in 
degrees  of  it,  in  proportion  as  they  have  a  greater  degree  of 
tenacity  or  cohefion ;  that  is,  arc  fiirtlier  removed  from  perfect 

*  *•  The  effcdk,  therefore,  of  overfhot  wheels,  under  the  faiuc  drcurfiftaote  df 
^  quantity  and  fall,  is  at  a.  medium  double  to  that  of  the  underfhot:  and  at  a 
•*  confequence  thereof,  that  nan-chftic  hoJies^  when  aBing  fy  their  imfulfe  or  collijton^ 
*•  comm^nicatt  mtly  m  par$  of  their  originai  fower;  the  other  part  being  jpent  in, 
^^  vtmt^ing.thitrfigurg  bUXutfe^uAAct  of  ^eJtroUi*     Ph'if.  TfaAf.  h^\.  LI.  p.  Y35. 

foftnefs. 
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Jbftuefs,  at  the  fame  tin^e  that  their  elaftic  iprings,  fofar  as  ihej 
reach,  are  very  ftifF;  and  hence  we  may  (by  the  way)  con* 
elude,  that  thd  iame- mechanic  power  that  is  required  to 
change  the  figure  mzfmali  degree  of  thofe  bodies  that  hare  the 
popular  appellation  of  karjd  iadies^  wiould  chaiatge  it  io  ^  g^tat 
degree  in  thofe  bodies  ^that  approach  towaLrd^  ioftnefs,  by  Imv- 
ing  a  fmall  degree  of  tenacity  or .  cbhefion.  In  the  former 
kind  we  may  rank  the  harder  kinds  oi.cqfi  iron^  and  in  the 
latter,  foft  tempered  clay. 

While  the  philofophical  world  was  divided  by  the  .diipute 
about  the  old  and  new. opinion^  asit  wab  called^  conciAiing  the 
powers  of  bodies  in  motion,  in  proportion  to  their  different  veloci- 
ties :  thofe  whq  held  the  old  opinion  contending^  that  it  was  as 
the  velocity ^/w//k>  aflced  thofe  of  the  new.  How,  upon  their 
principles,  they  would  get  rid  of  the  coDclufioos  arifiog  from 
the  doftrine  of  unelaftic  perfeftly  hard  bodies  ?  They  replied. 
They  found  no  fuch  bodies  in  nature,  and  therefore  did  not 
concern  themfel ves  about  them*  On  th«  other  hand,  thoie  of 
the  new  opinion  aiked  thofe  of  the  old.  How  thoy  would 
account  for  the  cafe  of  non-elaftic  foft  bodies,  where,  accord- 
ing to  them,  the  whole  motion  loft  by  the  ftriking.  body  was 
retained  in  the  two  after  the  ftroke  (the  two  bodks  moving 
together  with  the  half  velocity),  thoii^  the  two  non- 
elaftic  bodies  had  been  bruifed  and  changed  their  figure  by  the 
ftroke ;  for^  if  no  motion  was  loft,  the  change  of  figure 
muft  be  an  efFeft  without  a  caufo  ?  To  obviate ; this,,  thofe  of 
the  old  opinion  ferioufly  fet  about  proving^  that  the  bodies 
might  change  their  figure,  without  any  lofs  of  motion  in  either 
of  the  ftriking  bodies. 

Neither  of  thefe  anfwers  have  appeared  to  me  fatisfaftoiy, 

elpecially  fince  my  mill  experiments  :  for  with  refpefl:  to  the 

firft,  it  is  no  proper  argument  to  urge  the  impoflib^lity  of  find- 

2  ing 


.     tip§n  the  QJl^n  af  Bodies'.  .  j4^ 

mg  the  pro^  inaterial  for  an  experiment,  in  anfwer  to  a  con* 
cluiion  drawn  from  an  abftrad  idea.  On  the  other  hand,  if  it 
can  be  ihewb,  that  the  figure  of  a  body  can  be  changed,  with-^ 
out  a  p9v»tr^ .  then:,  by  the  £uxie  law,  we  might  be  able  to  make 
7L forge  hammer  work!  upon  a  mafs  of  foft  iron,  without  any 
other  power  than*  that  hecefiary  to  overcome  the  fridion,  re- 
iiflatee,  and  original  vis.  inert i^^  of  fht  parts  of  the  machine 
to  be  put  in> motion  Lifor^  .as  no  progreffive  motion  is  given  the 
mafs.of  iron  by  the  hammer  (it  being  fupported  by  the  anvil)^ 
no  power  can  be  expended  that  way ;  and  if  none  is  loft  ta 
the  hammer  from  changing  the  figure  of  the  iron,  which  is 
the  only  efied  produced,  then  the  whole  power  muft  refide  ia 
the  hammer,  and  it  would  jump  back  again-  to  the  place  from 
which  it  fell,  juft  in  the  fame  manner  as  if  it  fell  upon  a  body 
perfedly  daftic,  upon  which,  if  it  did  faU,  the  cafe  would  really 
happen :  the  power,  therefore,,  to  work  the  hammer  would- 
be  the  Tame,,  whether  it  fbU  upoiitan  elafticdr  hon^elaftic  body  ;- 
an-  idea  fo  very  contrary  to  all  experience,  and  even  apprehr*- 
fion,  of  both  the  philofbpher  and  vulgar  artift^  that  I  fha  i 
here  leave  it  ta  its  own  condemnation.. 

As  nothing, .  however,  is  fo  convincing  to  the  mind  as  expe- 
riments, obvious  to  the  fenies,  I  was  very  defirous  of  contriving- 
an  experiment  in  point ;  and  as  I  faw  no  hopes  of  finding  mat-- 
ter  to  make  a  direSt  experiment,  \  turned  my  mind  towards  aiii 
hidire£t  one ;  fb  circumfcribed,  however,  as-  to  prove  incon- 
teftably,.  that  the  refult  of  the  flroke  of  two  noa-elaftic  per- 
fe^ly  hard  bodies  could  not  be  the  fame  as  would  refbit  from; 
the  coUifioti  of  two  foft  ones ;  that  is,  if  it  can  be  bona  fide- 
proved,  that  one  halfoi  the  original  power  is  left  in.  the  ftroke 
of  foft  bodies  by  the  change  of  figure  (as  was  very  ftrougly 
fuggefted  by  the  mill  experiments);  then  fince  no  fuch  lofs> 

can? 
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can  happen  in  the  cotlifiaB  of  bodies  p6r&6dy  bait),  the  lefiilt 
and  confequence  of  fuch  a  fttoko  mvift  bo^j^arfw 

The  confequence  of  a  ftoDkc-  of  bodtcs  {nrfe^ijr  bard,  but 
void  of  elafticitj,  imift  dovfadeft  be  jdifiirretvr  £nan  that  of  bo* 
dies  perfeftty  eiajiic:  for  having  no  fpting  ike  hoiy  at  reft 
could  not  be  driven  off  with  the  velocit)?  of  the  ftrikiag  bodjr, 
for  that  is  the  confe«}ueoce  of  the  aftion  of  tbe  fpring  ortAaflk 
parts  between  them,  as  will  be  fliewn  in  the  refisit  of  cfao  cacpe^ 
riments;  the  ftriking  body  will  thorefiDn Hot  be  ftopped,  and 
as  the  motion  it  lofes  muft  be  communicated  to  the  odicr, 
from  the  equality  of  adion  and  re;*a£tion,  they  wUl  both  pro* 
ceed  together,  with  an  equal  velocity,  &s.m  the  cafeof  aon^^fiic 
foft  bodies :  the  queftion,  therefore,  that  remain^  is,  what  that 
velocity  mujl  be  ?-*^  It  muft  be  greater  than  that  of  the  non- 
claitic  foft  bodies,  becaufa  there  is  no  mechanical  power  loft  in 
the  ftroke.  It  muft '  be  lefs  than  that  of  the  ftriking  body, 
becaufe,  if  equal,  inftead  of  a  /q/&  of  motion  by  tbecollifioo, 
it  will  be  doubled,  if,  therefore,  noii^elaflic  ^ft  bodies  \ott 
half  their  motion^  or  mechanical  power,  by  change  of  figure 
in  collifion,  and  yet  proceed  together  with  half  the  velocity, 
and  the  non-elaftic  hard  bodies  can  lofe  n§ne  in  any  manner 
whatever ;  then,  as  they  muft  move  together,  tbeir  velocity 
muft  be  fuch  as  to  prefenre  the  equality  of  the  mechanic  pMver, 
tmimpair^i^  after  the  ftroke  the  fame  as  it  was  before  it. 

For  example,  let  the  velocity  of  the  ftrikiug  body  before  the 
ftroke  be  20,  and  its  mafs  or  quantity  of  matter  S ;  then,  ac« 
cording  to  the  rule  deduced  from  the  experiments  in  the  traft  on 
Mechanic  Power  (fee  exp.  third  and  fourth)  that  power  will  be 
expreffed  by  20  x  20  =  400,  which  x  S  —  3200 ;  and  if  hsdf  of 
it  is  loft  in  the  ftroke,  in  the  caie  of  non-elaftic  foft  bodies,  it 
will  be  reduced  to  16^0$  which  ^  16  the  donbfe  quanciry  of 
matter,  will  give  100  for  the  fquarc  of  their  velocity;  the 
4  fquare 
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(qunrc  root  of  which  being  so,  will  be  the  velocity  of  the  two 
non-elaftic  foft  bodies  after  the  ftroke,  being  juft  one  half  of 
the  original  velocity,  as  it  is  conftantly  found  to  be.  But  in 
the  non-elaftic  hard  bodies,  no  power  being  loft  in  the  ftroke, 
the  nniechanic  power  will  remain  after  it,  as  before  it,  £=  3  200 ; 
this,  in  like  manner,  being  divided  by  16,  the  double  quantity 
of  matter,  will  give  200  for  the  fquare  of  the  velocity,  the 
fquare  root  of  which  is  14.  14,  &c.  for  their  velocity  after  the 
ftroke,  which  is  feo  i  o,  the  velocity  of  the  non-elaftic  foft  bodies 
after  the  ftroke,  as  the  fquare  root  of  2  to  1 ;  or  as  the  diagonal 
of  a  fquare  to  its  fide. 

It  remains,  therefore,  now  to  be  proved,  that  precifely  half 
t>f  the  mechanic  power  is  ^  in  the  collifion  of  non-elaftic  foft 
bodies ;  for  which  purpofo  my  mind  fu^efted  the  following 
refle£i:ion8«  In  the  collifion  of  elaftic  bodies  the  efiedl  foem- 
ingly  inftantaneous,  is  yet  performed  in  time\  during  which 
time  the  natural  fprings  refiding  in  elaftic  bodies,  and  which 
conftitute  them  fuch,  are  bent  or.  forced,  till  the  motion  of 
the  flriking  body  is  divided  between  itfelf  and  the  body  at  reft ; 
and  in  this  ftate  the  two  bodies  would  then  proceed  together,  as 
in  the  cafe  of  non-elaftic  foft  bodies ;  but  as  the  fprings  will 
immediately  reftore  themfelves  in  an  equal  time,  and  with  the 
fame  degree  of  impulfivt  force^  wherewith  they  were  bent  in 
this  re*ai£tion,  the  motion  that  remained  in  the  ftrxking  body 
will  be  totally  deftroyed,  and  the  total  exertion  of  the  two 
fprings,  communicated  to  the  original  refting  body,  will  caufe 
it  to  fly  off  with  the  lame  velocity  wherewith  it  was  ftruck. 

Upon  this  idea,  if  we  could  conftruf):  a  couple  of  bodies  in 
fuch  a  way  that  they  ihould  either  zSt  as  bodies  perfe<Slly  elaftic ; 
or,  that  their  fprings  (hould  at  pleafure  be  hooked  up, 
retained,  or  prevented  from  reftoring  themfelves,  when  at 
theur  extreme  degree  of  bending ;  and  if  the  bodies  under  thefc 
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circumftances  observed  the  laws  of  collUion  of  noti-elaftic  foft 
bodies,  then  it  would  be  proved,  that  oae  half  of  the  mecha- 
nical  power,  refiding  in  the  ftriking  body,  would  be  loft  ia  the 
a&ioa  of  coilifion ;  becau(etfae  tmpuiiive  focce  or  power  of  the 
fpriog  in  Its  reftitutiou  being  cut  off,  o^  finfpeoded  from  adiog, 
which  is  equal  to  the  impuUive  force  or  power  to  bend  it  (and 
which  alone  has  been  employed  to  communicate  mottoo  from 
one  body  to  the  other),  it  would  make  it  eyidmt,that  one  half  of 
the impuliive force  is  loft  in thea^Hoa, a3  the otiier bat f  remains 
Jocieii  up  ill  the  fprbgs.  It  alfo  foUows,  1I9  a  coU^ersl  circum* 
Jiance^  that  be  the  impulfive  power  of  tb^  fprings  what  it 
may  from  firft  to  laft,  yet  as  one  half  of  the  (me  of  the 
nd^ion  is  by  this  means  cut  off,  in  this  feiufe  alfo  it  will  fol- 
low,  that  one  half  of  the  mecbaiuc  power  is  defliroyed;  or 
rather,  in  this  cafe,  remains  locked  up  in  the  fprings,  capable 
of  being  re^exerud  whenever  they. are  fet  at  liberty,  and  of 
prod4icing  a  freih  mechanical  t^kSt^  equivalent  to  the  motion 
or  mechanical  power '  of  tiie  two  non^elaftic  ^t  bodies  after 
their  colliiion. 

Hence  we  muft  infer,  that  the  quantity  ef  mechamcal  power 
expended  in  difplaciag  the  parts  of  non^elaftic  ibft  bodies  in 
coUifion,  is  exadly  the  fame  as  that  expended  in  bending  the 
fprings  of  perfeftly  elaftic  bodies ;  but  die  dkffereiKe  in  the 
ultimate  effed  is,  that  in  the  non-elaftic  {oh  bodies,  the  power 
taken  to  difplaoe  the  parts  will  be  totally  loft  and  ddSbroyed*  as 
it  would  require  an  equal  mechanic  power  to  be  raiied  a'^^&eih, 
and  exerted  in  a  contraiy  dire^ion  to  reftore  the  parts  back 
again  to  their  former  places ;  whereas,  in  the  caife  pf  the  daftic 
bodies,  the  operation  of  half  the  mechaiaie  powe^r  is,  asobferved 
already,  only  locked  up  and  fufpended,  and  capAble  of  being 
re^exerted  without  a  further  ori^nal  accdfioai 
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Thefe  ideas  arofc  from  the  refult  of  the  experiments  tried 
upon  the  machine  defcribed  in  mj  faid  traA  upon  Mechanic 
Power,  and  were  alfo  conimunicated  to  my  very  worthy  and 
ingenious  friend  william  hvssell,  Efq.  F.  R.  S.  at  the  fame 
time  that  I  (hewed  htm  thofe  experiments*  in  1 759  ;  but  the 
mode  of  putting  this  matter  to  a  full  and  fair  mechanical  trial 
has  fince  occurred ;  and. though  fome  rough  trials^  fufficientto. 
Ihew  the  efie^  were  made  thereon^  prior  to  the  offering  th6 
paper  on  mechanical  power  to  the  Society  in  1776,  yet  the 
machine  itfelf  I  had  not  leifure  to  complete  to  my  fafisfadion 
till  lately;  which  I  mention  to  apologize  for  the  length  of 
time  that  theie  fpeculations  have  taken  in  bringing  forward. 

DESCRIPTION   OF    THE   MACHINE   FOR    COLLISION. 

Fig.  1  •  ihews  the  front  of  the  machine  as  it  appears  at  reft 
when  fitted  for  ufe* 

A  is  the  pedeftal,  and  AB.  the  pilhr^  which  fupports  the 
whole,  C^  Dare  two  compound  bodies  of  about  a  pound  weight 
cadi,  but  as  nearly,  equal  in  weight  as  may  be,  Thefe  bodies 
are  alike  in  cociftru^on,  which  will  be  more  particularly  ex- 
plained by  fig,  2*  Thefe  bodies  are  fufpended  by  two  white 
fir  rods  of  about  half  an  inch  diameter  ej  and  gb^  being  about 
four  feet  IcHig  from  the  point  of  fufpenfion  to  the  center  of  the 
bodies ;  and  their  fufpenfion  is  upon  the  crofs-piecc  II,  which  is 
mortoifed  through,  to  let  the  rods  pafs  with  perfe6l  freedom  ; 
and  they  hang  upon  two  fmall  plates  filed  to  an  edge  on  the 
under  fiide,  and  pais  through  the  upper  part  of  the  rods.  Their 
centers  are  at  k  and  /,  and  the  edges  being  let  into  a  little 
iK>tch^  oil  each  fide  the  raortoife,  the  rods  are  at  liberty  to 
vibrate  freely  upon  their  refpedive  points  (or  rather  edges)  of 
fufpenfion,  and  are  determined  to  one  plain  of  vibration.  MN 
is  a  flat  arph  of  white  wood,  which  may  be   covered  with 
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Taper,  that  the  marks  thereupon  may  be  the  more  confpicuous. 

The  crofs- piece  II  is  made  to  projeft  fo  far  bcibre  the 
pUlar,  that  the  bodies  in  their  vibrations  may  pafs  clear  of  it, 
without  danger  of  ftriking  it ;  and  alfo  the  arch  MN  is  brought 
fo  far  forward  as  to  leave  no  more  than  a  ciearauce,  fufficieut 
for  the  rods  to  vibrate  freely  without  touching  it. 

Fig.  2.  Shews  one  of  the  compound  bodies,  draws  of  its 
full  fize.  AB  is  a  block  of  wood,  and  about  as  much  in 
breadth  as  it  is  reprefented  in  height,  through  a  hole  in  which 
the  wood  rod  CC  paiies,  and  is  fixed  therein. 

DB  reprefents  a  plate  of  lead  about  three-eighths  of  an  inch 
thick,  one  on  eacli  fide,  fcrewed  on  by  way  of  giving  it  a  com- 
petent weight,  d^efg  reprefents  the  edge  of  a  fpringing  plate  of 
brafs,  rendered  elaftic  by  hard  hammering  ;  it  is  about  five- 
eighths  of  an  inch  in  breadth,  and  about  one-twentieth  of  an 
inch  thick.  It  is  fixed  down  upon  the  wooden  block  at  its  end 
^B  by  means  of  a  bridge  plate,  whofe  end  is  (hewn  hij  and  is 
fcrewed  down  on  each  fide  the  Spring  plate  by  a  fcrews  which 
being  relaxed  the  fpring  can  be  taken  out  at  pleafure,  and  ad- 
jufled  Co  its  proper  fituation.  kl  is  a  light  thin  flip  of  a  plate, 
whole  under  edge  is  cut  into  teeth  like  a  fine  faw  or  ratchet^ 
and  is  attached  to  the  fpring  by  a  pin  at  kj  which  pafiies 
through  it,  and  alfo  through  a  fmall  flud  rivetted  into  the 
back  part  of  the  fpring,  ^id  upon  which  pin,  as  a  center,  it  is 
freely  moveable. 

mn  (hews  a  fmall  plate  or  ftud^en  edgeways  raifed  upon  the 
bridge  plate,  through  an  hole  in  which  ftud  the  ratchet  pafles ; 
and  the  lower  part  of  the  hole  is  cut  to  a  tooth  (haped  pro- 
perly to  catch  the '  teeth  of  the  ratchet,  and  retain  it  together 
with  the  fpring  at  any  degree  to  which  it  may  be  fuddenly 
bent ;  and  for  this  intent  it  is  kept  bearing  gently  downward, 
by  means  of  a  wire^fpring  opq^  which  is  in  reaKty  double,  the 
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bearing  part  at  #  being  femi-circular;  from  which  branching 
off  on  each  fide  the  rod  rr,  pailes  to  /,  and  fixes  at  each  end 
into  the  wood  at  y.  However,  to  clear  the  ratcliet,  which  is 
uecefiarily  in  the  middle  as  well  as  the  rod,  the  latter, is  per- 
forated ;  and  aUb  ^c  block  is  cut  away,  fo  far  as  to  fet  the 
main  Ipring  at  e  free  of  all  obftacles  that  would  prevent  its 
play  from  the  point  B.  The  part)^  is  (hewn  thicker  than  the  reft, 
by  being  covered  with  thin  kid  leather  tight  fowed  on,  to  pre- 
vent a  certain  jarring  that  otherwife  takes  place  on  the  meeting  * 
of  the  fprings  in  collifion. 

Let  us  now  return  to  fig.  i .  the  marks  upon  the  arch  MN 
arc  put  on  as  follows,  op  is  an  arch  of  a  circle  from  the  center 
/,  and  qr  an  arch  of  a  circle  from  the  center  k  interfe£ting  each 
other  at  /•  Now  the  middle  line  of  the  marks  /,  1;,  are  at  the 
famediftance  from  the  middle  line  at  s  that  the  centers  kl  are ; 
ib.  that  when  each  body  hangs  in  its  own  free  pofition,  with* 
out  bearing  againft  the  other,  the  rod  ef  will  cover  the  mark 
at  /,  and  the  rod  gb  will  cover  the  mark  at  v.  From  the 
point  S  upon  the  arches  S/  and  S^  refpedively,  fet  off  points 
at  an  equal  and  competent  diftance  from  S  each  way,  which 
will  give  the  middle  of  the  mark  w  and  x:  and  upon  the 
arch  ^  find  a  middle  point  between  the  mark  v  and  Wy  which 
let  be  ^ ;  and  on  the  other  fide,  in  like  manner,  upon  the  arch 
S^  find  a  middle  point  for  the  mark  %  ;  then  fet  off  the  diftance 
Sy  or  S^  from  jf  each  way,  and  from  a  each  way;  and  from 
thefe  pomts»  drawing  lines  to  the  refpe£tive  centers  /  and  k^ 
they  will  give  the  place  and  pofition  of  the  marks  ^,  b^  and 
Cj  d\  and  thus  is  the  machine  prepared  for  ufe. 

« 

FOR     TRIALS     ON     ELASTIC     BOPIES. 

For  this  ufi^  take  out  the  pins  and  ratchets  from  each  reipec- 
tlvely^  and  the  fprings  being  then  at  liberty,  with  a  ihort  bit 
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of  {tick  (fuppofe  the  fame  fize  as  th«  rods)  turn  afide  the  rod 
gh  with  the  right-hand,  carrying  the  body  D  upwards  till  the 
ftick  is  upon  the  mark  w,  as  fuppofe  at  o ;  there  hold  it,  and 
with  the  left  fet  the  body  C  perfectly  at  reft ;  in  which  cale  the 
rod  ef  will  be  over  the  mark  / ;  then  fuddenly  withdcawr  the 
ftick,  in  the  diredlion  that  the  roA  gh  is  to  follow  it,  and  the 
fpring  of  the  body  D,  impinging  upon  that  of  the  body  C, 
tiiey  will  be  both  bent>  and  alfo  reftored  ;  and  the  body  C  will 
fly  off,  and  mount  till  its  rod  ef  covers  the  mark,  x ;  the  itod  of 
the  ftriking  body  D  remaining  at  reft  upon  its  prqier  mark  of 
reft  V,  till  the  body  C  returns,  when  the  body  D  will  fly  off'in 
he  fame  manner ;  the  two  bodies  thus  rebounding  a  number  of 
times,  ^ofinga  part  of  their  vibration  each  time ;  but  fo  nearly 
is  the  theory  of  ekftic  bodies  fulfilled  hereby^  that  the  (ingle  ad* 
vantage  of  origrnalfy  puftring  the  rod  gh  beyond  the  mark  ti;,  by 
the  thicknefs  ef  the  ftick,  or  its  own  thicknefs^  is*  fufikietit  to 
carry  the  rod  of  the  quiefcent  body  G  completely  to  its  tmxkx. 
There  are  feveral  other  experiments  thatHiay  be  made  with 
this  apparatus,  in  confirmation  of  the  doftmie  of  the  collifion 
of  elaftic  bodies;  which  being  univerfally  agreed  upMi,    and 
well  known,  it  is  needlefs  further  to  dwell  upon  herai;^  but 
refpefting  the  applicacion  to  non-elaftic  foft  bodks^  it  is   far 
more  difficult  to  come  at  a  fitnefs  of  n)aterial&  for  this  kind  of 
^xpcrimentsi  than  \t  is  for  thofe  fuppofing  perfe^ly  elafticity>. 
The  conchifions,  however,  may  be  attained  with  equal  cer- 
tainty, 

FOR    TRIALS   ON    NON*e£asTIC    SOFT    BODIES. 

For  this  purpofe  the  ratchets  muft  be  applied  and  put  in 
order  as  befiyre  defcribed,  and  the  fprings-  being  both  put  to 
their  point  of  reft,  let  the  body  D  be  put  to  its  mark«  ^  in  the 
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fame  manner  as  before  defcribedy  and  the  body  C  to  reft,  Tlie 
body  D  being  let  go,  and  ftrikiog  the  body  C  at  reft,  in  con* 
Sequence  of  the  ftroke,  the  fprings  being  hooked  up  by  the 
ratchets,  they  both  move  from  their  refting  marks  /,  v,  relpec- 
tively  toward  M  :  Now  if  they  both  moved  together,  and  tlie 
rod  ef  covered  the  marie  r,  and  the  cod  gh  covered  the  mark  d 
at  their  utmoft  limit,  then  they  would  truly  obey  the  laws  of 
non'-daftic  {oh  bodies ;  becaufe  their  medium  afcent  would  be 
to  the  mark  ss,  which  is  juft  half  the  angle  of  aibent  to  the 
mark  x ;  but  as  in  this  piece  of  machinery,  though  the  main 
or  prindple  fprings  are  hooked  up,  yet  every  part  of  them,  and 
all  the  materials  of  which  thoy  are  oompoied,  and  to  which 
they  are  attached,  have  a  degree,  or  n:iore  properly  fpeaking,  a 
certain  compais  of  ^ele^kity^  which,  as  fucb,  is  per fe6t,  and  no 
motion  loft  thereby. 

We  muft  not,  therefore,  expe6t  the  two  compound  bodies 
after  the  ftroke  tKx  ftick  together  without  feparating,  as  would 
be  the  ca(e  with  bodies  truly  non«>elaftic  and  foft ;  but  that 
from  the  elafticity  they  are  pofiefled  of,  they  will  by  rebound- 
ing be  (eparated ;  but  that  elafticity  being  perfed,  can  occaiion 
no  lois  of  motion  to  the  fum  of  the  two  bodies ;  fb  that  if  the 
body  C  ascends  as  much  above  its  mark  c  as  the  body  D  falls 
Ihort  of  its  mark  1/,  then  it  will  follow,  tliat  their  medimn 
afcent  will  ftill  be  to  the  mark  2,  as  it  ought  to  have  been, 
had  theybeen  truly  non-elaftic  foft  bodies ;  and  this,  in  reality,  is 
truly  the  cafe  in  the  experiment,  as  nearly  as  it  can  be  difceriied. 

After  a  few  vibrations,  by  tiie  rubbing  of  the  fprings  agaimft 
one  andther,  they  are  ibon  brought  to  reft;  and  hcie  they 
would  always  reji  had  they  been  truly  and  properly  perfcft 
non-elaftic  foft  bodies;  but  here,  as  in  the  cafe  of  thefe 
bodies,  by  a  ohange  of  the  figure  and  fituation  of  the  compo- 
nent parts,  there  is  expended  one  haifof  the  meohaaical  power 

of 


352  Mr.  SM Eaton's  Fundamental  Experiments 

of  the  firft  mover,  yet  in  this  cafe  the  other  half  is  not  lof^ 
but  fujpended^  ready  to  be  re- exerted  whenever  it  is  fet  at 
liberty  ;  and  that  it  is  really  and  bona  fide  one  balf  and  neither 
more  or  lefs,  appears  from  this  uncontroverted  (imple  principle, 

that  the  power  of  reflitution  of  a  perfect  fpring  is  exa&ly  equal 
to  the  power  that  bends  it.     And  this  may,  in  a  certain  degree, 

be  (hewn  to  be  fa£l  by  experiment,  if  there  were  any  need  of 
fuch  a  proof ;  for  if,  when  the  bodies  are  at  reft  after  the  laft 
experiment,  the  two  rods  are  lathed  tc^ether  near  the  bottom 
with  a  bit  of  thread,  and  then  the  ratchets  unpinned  aiid 
removed ;  on  cutting  the  thread  with  a  pair  of  fciifars  they 
will  each  of  them  rebound,  C  towards  M,  and  D  towaitis  N ; 
and  if  they  rebounded  refpeftively  to  %  and^,  the  mechanical 
power  exerted  would  be  the  fame  as  it  was  after  the  ftroke, 
when  the  mean  of  their  two  afcents  was  up  to  the  mark  z ; 
but  here  it  is  not  to  be  exped:ed,  becauie  not  only  the  motion 
loft  by  the  fridion  of  the  ratchets  is  to  be  deduced,  becaufe 
it  had  the  efleA  of  real  non<»elafticity ;  but  alio  the  elafticity 
that  feparated  them  in  the  ftroke,  which  was  loft  in  the  vibra- 
ticms  that  fucceeded;  neither  of  which  hindered  the  mean 
a£cent  to  be  to  2; ;  but  yet,  under  all  thefe  difadvautages  in  the 
machine  (if  not  unreaibnably  ill  made)  the  rod  ef  will  afcend 
to  dj  and  gb  to  a:  and  hence  I  infer,  as  a  po(itive  truth,  that 
in  the  coUiiion  of  aon  elaftic  fbft  bodies,  one  half  of  the  me* 
cbanic  power  refidlng  in  tbejiriking  body  is  lofi  in  the  ftroke. 

Refpe£ling  bodies  unelaftic  and  perfectly  hard,  we  tnvSi 
infer,  that  iince  we  are  unavoidably  led  to  a  conclufion  con- 
cerning them,  which  contradi&s  what  is  efteemed  a  truth  ca- 
pable of  the  ftrideft  demonftration ;  wz.  that  the  velocity  of 
the  center  of  gravity  of  no  fyftem  of  bodies  can  be  changed 
by  any  coUifion  betwixt  one  another,  ibmething  muft  be 
aftumed  that  involves  a  contradi^ion.  This  perfectly  holds, 
I  according 
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according  to  all  the  eftabllihed  rule^,  both  el  pcrftdtty  daftic 
and  pcrfeftly  non-elafticyj//  bodies ;  rules  which  muft  fail  in 
the  pcrfedlly  non-elaftic  hard  bodies,  if  their  velocity  after  the 
flroke  is  to  the  velocity  of  the  ftriking  body  as  one  is  to  the 
fquare  root  of  2  ;  for  then  the  center  of  gravity  of  the  two 
bodies  will  by  the  ftroke  ac<juire  a  velocity  greater  than  the 
center  of  gravity  the  two  bodies  had  before  the  ftroke  in 
that  proportion,  which  is  provied  thus. 

At  the  outlet  of  the  ftriking  body,  the  Center  of  gravity  of 
the  two  bodies  in  our  caffc  will  be-  exaftly  in  the  middle  be*' 
tweon  the  two ;  iand  when  they  meet  it  will  hstve  moved  front 
their  half  diftance  to  their  point  of  contaft,  fo  the  velocity  of 
the  center  of  gravity  before  the  bodies  meet  will  be  exaftly 
one  half  of  the  velocity  of  the  ftriking  body ;  and,  therefore, 
if  the  velocity  of  the  ftriking  body  is  2,  the  velocity  of  the 
center  of  gravity  of  both  will  be  one.  After  the  ftroke,  as  both 
bodies  are  fuppofed  to  move  in  contadl,  the  velocity  of  the  cen- 
ter of  gravity  will  be  the  fame  as  that  of  the  bodies ;  and  as 
their  velocity  is  proved  to  be  the  iquare  root  of  2,  the  velocity 
of  their  center  of  gravity  will  be  incMafed  fpom  i .  to  the  fquare 
root  of  2. ;  that  is,  from  x«  to  1.414.,  &c.  . 

Tlie  fair  inference  from  thefe  contradiftory  conclufions  there- 
fore is,  that  an  unelaftic  hard  body  (perfectly  fo)  is  a  repugnant 
idea,  and  contains  in  itfelf  a  contradi^on ;  for  to  make  it 
agree  with  the  fair  concluGons  that  may  be  drawn  on  each  fide, 
from  clear  premifes,  we  fhall  be  obliged  to  define  its  proper- 
ties thus :  that  in  the  ftroke  of  unelaftic  hard  bodies  they  cannot 
poffibly  lofe  any  mechanic  power  in  the  ftroke ;  becaufe  no  other 
imprefiSon  is  made  than  the  communication  of  motion ;  and 
yet  they  tnu/i  lofe  a  quantity  of  mechanic  power  in  the.  ftroke ; 
becaufe,  if  they  do  not,  their  common  center  of  gravity,  as 
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above  ihewn,  will  acquire  an  incrtafe  of  velocity  by  rheir  ftndce- 
upou  each  other. 

Ill  a  like  manner  the  idea  of  a  perpetual  motion^  perhaps,  at 
firft  fight,  may  not  appear  to  involve  a  contradi^ion  in  terms ;, 
but  we  Ihall  be  obliged  to  confefs  that  it  docs,  when»  on  exa- 
mining its  requtdtes  for  execution,  we  find  we  (hall  want  bo- 
dies having  the  following  properties ;  that  when  they  arc  made 
to  afcend  againft  gravitation  their  abfolute  weight  fhall  be  lefi  ;. 
and  that  when  they  Afcend  by  gravitation  (through  an  equal 
jlpace)  their  absolute  weight  fhall  be  greater;  which,  according^^ 
to  all  we  know  of  nature,  is  2,- repugnant  or  contradiSlory  iJea*. 
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XXII.    Proceedings  relathe  to  the  Accident  hy  Lightning  at 

Heckingham. 


LETTER   FROM    THE    BOARD    OF    ORDNANCE. 


SIR, 

HAVING  received  information  that,  laft  fummer,  a  ftioke 
of  lightning  fet  fire  to  the  Poor-houfe  at  Heckingham,  ^ 
near  Norwich,  notwithftanding  it  was  armed  with  eight 
pointed  conduSlors^  we  requeft  you  will  communicate  to  us  fuch 
^particulars  relating  to  that  fad,  as  may  have  come  to  your 
knowledge. 

We  are,  with  great  reipeft, 

SIR, 

Your  raoft  obedient  humble  fervants, 

Amherst. 

Charles  Frsderick. 
H.  Strachey. 
J.  Kenrick* 

OVice  of  Grdnaace, 
aid  December,  1781. 

"Sir  Jof.  Banks,  Bart.  Prefident  of  &e  Royal  Society. 
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Extracts  from  the  Minutes  of  the  Coancil  of  the  Royal  Society. 

Januaiy  lo^  1782. 

THE  Profident  laid  before  the  Council  a  letter  to  him  from 
the  Board  of  Ordnance,  acquainting  him,  that  the  Poor-houfe 
at  Heckingham,  near  Norwich,  had  been  ftruck  by  lightning, 
notwithftanding  it  was  armed  with  eight  pointed  conductors ; 
and  requefting  him  to  communicate  to  them  fuch  particulars 
relating  to  that  fa6t  as  may  have  come  to  his  knowledge. 

« 

^eiblvcj^ 

.  Hiat  Dr.  Bhgdea  and  Mr.  Nairne  be  retfoefted  to  impair  to 
Heckingham,  and  ^camine  hito  the  circumftanoes  of  the  3K:ci- 
dent,  and  report  thereon  to  the  Council :  that  ^y  engage  % 
tlrai^^iDtfman,  to  take  fuch  drawings  as  may  be  requiiite ;  and 
that  the  neceffary  expences  be  defrayed  by  the  Society* 

February  7,  1782. 

Dr.  Blagden  read  to  the  Council  his  and  Mr.  Nairne's 
Report  of  the  Survey  made  by  them  of  the  Poor-houfe  at 
Heckingham  in  Norfolk,  in  confequence  of  their  appointment 
by  a  former  CounciL  The  faid  Report  was  ordered  to  be  read 
to  the  Society  on  Thurfday  the  1 4th  inftant.  And  the  Prefi- 
dent  was  requefisd  to  tranfmit  it  immediately  afterwards  to  the 
Board  of  Ordnance ;  and  to  defire  that  they  would  return  the 
drawings  as  foon  as  they  fhould  have  taken  copies  of  them,  or 
made  fi^  othei*  ufe  o^  them  *S  tkt;y.  might  tibMolc  fteceflaty* 

Report 


Report  of  the  Committee* 

Read  February  14,  ly^z^ 

To  the  Prefident  and  Council  of  the  Royal  Society* 

Gentlembn, 

.  PURSUANT  to  your  refolutioti,  appoiatiiig  us  a  committce- 
to  examuie  the  Houfe  of  Induftry  at  Heckingham  in  Norfolk^, 
which  had  been  flruck  by  lightning  although  it  was  armed 
with  condudor^  we  arrived  there  on  the  21ft  of  January* 
Seven  months  had  then  elapfed  (ince  the  accident,  yet  we  had 
the  fatisfa^tion  to  learn,  that  no  material  changes  had  been 
made  in  the  conductors  or  the  building  in  that  period ;  fome 
ladis  that' had  been  burnt,  fome  bricks  and  pantiles  which  bad- 
been  damaged  or  thrown  down,  wete  replaced  ;  but  we  found 
cncans  to  procure  diftind  kifbrmadon  of  thofe  repairs  from  tha 
warkooen  who  had  been'  employed  to  execute  them.  In  order 
to  communicaoea  dear  idea  of  the  accident,  it  will  be  neceflary 
to  premife  a  general  account  of  the  building ;  then  to  repre-* 
fent  the  manner  in  which  the  condudors  were  applied ;.  and,. 
laftly,  to  defcribe  the  ftroke  of  lightning,*  with  its  efiedts; 

The  general  form  of  the  building  is  that  of  the  Roman  let^- 
ter  H  (fee  the  general  plan,  fig.  i.),  confifting  of  a  centep 
range  (Z)  and  two  flanks  (Y  and  X).  It  flands  on  a  gentle 
fifing,  which  can  by  no  means  be  termed  a  hill,  with  its  front 
facing  S-  9°  W.  To  the  weflem  fide  of  the  wefl  flank,  and 
caftern  fide  of  the  eafV  flank,  fome  lower  buildings  are  annexed, 
Serving  as  offices  of  difierent  kinds ;  and  there  are  two  courts, 
one  before  and  the  other  behind  the  houfe,  together  with  fom« 
fmall  gardens  and  yards  on  each  of  the  flanks,  in  all  of  which 
fiand  various  detached  offices^  as  will- be  cafily  conceived  from 
the  general  plan  (Ag*  i«),*  The 
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The  body  of  the  building,  including  the  great  houie  witk 
ats  annexed  offices,  is  provided  with  eight  cbimnies,  the  pofi- 
ition  of  which  is  reprcfcnted  in  the  plan  (fig.  i.)  at  the  letters 
A,  B,  C,  D,  E,  F,  G,  H.  Of  thefe  the  fix  firfl  are  all  placed 
on  the  ridges  of  the  roof;  namely,  A  and  B  on  the  ridge  of 
the  weft  flank,  C  and  D  on  the  ridge  of  the  center  range,  and 
E  and  F  on  the  ridge  ^f  the  ,eaft  flank ;  but  the  chimney  G 
rifes  from  tlie  lower  part  of  the  roof  on  the  eaftern  fide  of  the 
eaft  flank.;  and  the  chimney  H  from  the  roof  of  an  annexed 
office,  tlie  boiiing-roora,  which  roof  is  continued  dowa  from 
the  general  roof,  and  projedls  beyond  it. 

Both  flanks  .(X  and  Y^  .fig.  i .)  at  their  fiopth  and  fouth  ends 
are  hipped  off  fwrp  the  ridge  of  the  roof  to  the  eaves  on  cack 
fide ;  confequcntly  there  are  eight  hips,  all  of  which  are  joo* 
vered  or  coped  with  lead  i  the  four  vallies  alfb,  fi^rmed  by  the 
jnterfeftion  .of  the ^cettter  range  with  the  two  flanks  (fee  fig.  i .) 
are  in  like  manner  .covered  with  lead,  which  here  anfwers  the 
purpofeof  a  fpout.  {Two.of  thefe  hips  are  Ihewn  in  the  ad,  3d, 
4th,  and  i;ith  figures  at  A,  A,  and  one  of  the  vallies  at  v,  fig. 
gt.)  Thofe  xtwelve  Arips  of  lead,  covering  the  hips  and  the 
vallies  (fee  the  general  plan,  fig.  i .),  are  all  feparate,  not  hav- 
ing any  metalline  communication  with  one  another,  as  the  jefl: 
^f  the  roof  confifts  merely  of  pantiles,  with  dropping  eaves. 

From  the  fouth-eaft  corner  of  the  eaft  flank  a  wall  is  conti- 
aiued  eaft  ward  (fee  I  in  the  ift  and  3d  figures)  above  z6  feet  in 
length,  having  a  fmall  garden  at  its  fouth  fide,  and  on  the 
aiorth  aiftahle  built  againft  it  as  a  lexin-to  (K  in  the  ift  and  4th 
figures)  ^  which  ftable  is  alfo  fupported  on  the  weft  by  the  eaft 
wall  of  the  eaft  flank  of  the  building  (fig.  .1  •  at  /^ .  The  roof  of  the 
'ilable  being  like  that  of  a  ihed,  flopes  downward  from  fouth  to 

fiorth  (^  and  b  in  the.4th  and  j  ithjigures).;  it  does  not  reac&Tip 

•quite 
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quite  to  the  top  of  the  wall  againft  which  it  refts  to  the  fouth- 
ward,  but-is  (horter  by  one  courfe  of  bricks  on  edge  (fee  fig;, 
ro.  and  ii.  atc^;  and  at  its  jimftionwith  the  waIla^/7/^/>3g^of 
lead  is  carried  along  horizontally  (from  cto  //,  fig.  1 1 .)  25!  feet 
ki  length. 

We  conclude  this  general  account  of  the  building  with  the 
dimenfions  of  its  principal  parts.. 

Ft.    In,. 

Length   of  the   center   range    (Z  fig.   i.)    to  the 

flanks  -  -  -  -  108     9^ 

Hength  of  each  flank  (X  and  Y  fig.  i.)         ^  159     7 

Breadth  of  the  center  range,  and  of  each  flank,         31     4;. 
Height  from  the  groiind  to  the  bottom  of  the  hips 

(g",  gj  fig-  3;  and  4.)  -  -  about    20     6' 

Height  from  the  ground  to  the  top  of  the  ridge 

(J;  fig.  2,  and  3;  ^,  fig.  4,)  -  about  34     o.* 

Height  of  the  chimnies  above  the  ridge  of  the  roof 

(as  E,  fig.  4.)  -  -  about     3     6- 

Length  of  each  hip  (from  /  to  gj  fig.  3.  4*  and 

ri.)  .  .  ^  about  27     o* 

Height  of  the  wall  (I)  fupporting  the  ftable  (fig.  3.)    16     o  - 
Height  of  the  eaves  of  the  ftable  above  the  garden- 

to  the  northward  of  it  (fee general  plan,  fig.  i.)      7    o- 
Length.of  the  ftable  on  theoutfide  -  26     2  : 

Breadth  of  the  ftable  on  the  outfide  -  ^S     S  - 

To  all  the  eight  chimnies  which  have  been  deicribed.we^ 
found  iron  rods  aflEixed,  reaching  between  four  and  fivc^fcetr 
above  the  toptjf  the  chimney,  pointed  at  the  upppr  end,^an(fc 
tapering' about  ten  inches  to  that  point.  Each  rodx)r  bar  was : 
nearly  fquare,  meafuring,  upon  a  mean,  about  half  an  inck: 
one  way,  and  four-tenths  of  au  inch  the  other,  with  tke.ai^lear 

5  I^^ 
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juft  rounded  off.  Thefe  condudors  were  coatmued  down  the 
building  by  a  fucceffion  of  fimilar  bar*  of  iron>  in  general  from 
(\x  to  tight  feet  long,  joined  to  one  another  by  two  hooks  and 
nuts  (lee  fig.  12);  that  is,  the  correfponding  ends  of  each 
bar  being  formed  into  a  hook  bent  at  right-angles,  the  hook  of 
the  uppermoft  went  into  a  hole  of  the  lowermoft,  where  it  was 
fattened  with  a  nut,  and  the  hook  of  the  lowermoft  went  into 
a  fimilar  hole  of  the  bar  above,  where  it  was  fixed  in  the  fame 
manner;  the  length  of  each  of  thefe  joints,  from  nut  to  nut, 
was  about  two  inches. 

Though  there  were  eight  of  thefe  conduftors  reaching  above 
the  chimnies,  yet  tjiey  had  only  four  terminations  below.  For 
thecondu^ors  to  the  twochimnies  D  and  E  (fig.  i.  and  2.) 
being  continued  toward  each  other  along  the  roof,  united  in  the 
valley  over  the  lead  gutter  ^here  (at  Lin  the  ift,  2d,  and  ^di 
figures),  and  from  that  point  only  one  conductor  was  contUmed 
down  the  valley  toward  the  ground.  In  likp  o^anoer  the  two  con- 
dudtors  from  the  chimnies  A  and  C  (fig.  i .)  united  in  the  val- 
ley of  the  roof  between  them,  and  were  carried  down  toward 
the  ground  as  a  fingle  rod.  All  tlxe  three  conduflors  from  the 
chimnies  F,  G,  and  H,  fucceffi vely  joined  togeth^t  (fee  M, .  N, 
fig.  I.),  and  only  a  fingle  rod  was  continued  from  them  down 
the  lower  part  of  the  building.  Laftiy,  the  conductor  from 
the  chimney  B  (fig.  i .)  went  down  fingle  all  the  way,  without 
having  formed  a  jundtion  with  any  other. 

As  the  conductors,  therefore,  in  their  paflage  down  the 
building,  were  thus  reduced  to  four,  we  are  now  to  (hew  their 
four  terminations.  And,  firft,  that  £rom  the  chimney  B^  being 
the  fimpleft,  was  carried  down  the  weftern  fide  of  the  weft 
flank,  till  it  came  very  near  the  ground,  when  k  entered  a 
iinall  channel  of  brick-work,  through  which  it  was  continued 
under  tha  pavement  into  a  narrow  bricked  drato^    leadii^ 

7  through 
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•      •  * 
trough  the  wall  of  a  privy  (at  O,  fig.  i.)  into  which  the 

drain  difcharges  itfelf.     The  conductor  having  pafled,  in  the 

drain/ through  the  hole  in  the  privy' ^all^  was  continued  about 

three  ifeet  into  die-  open  fpace  under  the  feat  of  the  privy, 

where  it  terminated  in  air,  none  of  the  folid  work  being  nearer 

its  end  than  fix  inches.     As  this  drain  is  cbftftruAed  to  receive 

the  foul  water  froiri  the  yard,  and  one  of  <he  wrter-^cocks  is 

'found  in  it;  but 

the  ftones  ilope  fo  rapidly  at  thte  tcrmihatioh  of  the  drain  in 

the  privy,  that  any  water  which  funs  thither  tauft  be  imme* 

diately  carried  off.    This  conduftor,  as  well'  as  all  the  others,' 

tvas  fc^t  in  its  place  ni^rth^  wall  in  its  paflage  down,*  by  tiiij^ 

ftaples driven  into ^the  %^a1L     '  -  lo   !        :  ,     .> 

The  fecohd  termination  we  (hall  deferibe'is^  that  belonging 
to  the  chimnies  F,  G,  M  (fig.  i.)»  The  cwiduftor  from  the 
chimney  F  in  paflSng  down  the  roof  was  joined  by  that  from  the 
chimney  G  (atM,-figi  i.)  and  afterwatds  by  the .  rod -from  the 
chimney  H  (at  N,  fig.  i .)  ;  thence  the  iron  was  continued  down 
uU  it  came  near  the  bottom  of  the  wall,  where  it  was  turned 
off  along  the  pavement  toward  a  fink  (fig.  i.  QJ  not  quite 
two  feet  diftant,  through  the  fide  of  which  tt  was!ckrribd^  and 
projeding  four  inches  into  the  open  fpace  of  die  fihk,  therb 
terminated  in  air.  The  fink  is  built  of  brick,  orte*  foot  nine 
inches  deep,  and  two  feet  and  a  half  fquare  within ;  and  into 
its  fouth  fide  is  fitted  ^n  iron  grate,  of  the  fame  length  as  the 
iide  externally,  and  about  feven  inches  deep,  the  lower  part  of 
which  lies  on  the  bare  foil.  Through  the  middle  of  this  grate 
the  condu&or  pa^s,  refting  in  contaA  with  one  of  the  bars. 
From  its  termination  to  the  bottom  of  the  fink  is  not  lefs  than 
twelve  inches ;  ind  the  bottom,  which  is  of  brick,  flopes  fo 
.much,  that  water  can  never  lie  upon  it,  there  being  a  iatgc 

VoL.LXXlI.  Bbb  drain 


drain  oa  t)i&  further  ficte,  which  kads  (^  from -the  bottom  o£ 
the  fiujk.      .    I  •  ;    .  ....      •. 

.'TJie  third  t^rpiiaattQa  t^  h^  i»V^ftig5«fi|  is ;  tft^t  ibrmei' by 

adjoining  in  tJ^evaUey  which  li«s  ^fe^wWuthfiin,  raa  down^ 
as,  a  fittgle  rod,  QV^r  the  load  coumog  the  valley ^  paiJBbd  thxotigh 
9  ho]|e  S(x  that/le^^v  wh^FO  :it  prqj^  oT^i?T«9:'a  fpime,  and  de^ 
fce»ded  \x\  the  ^ngje^fcrmed  l>y  t^ib^ffedWoiiiofrthe  weft 
flftijc  with  th?  fr<mt  erf  th«  ettiter  r^nge^t  (S,  %•'!.)•  Being, 
arrived  withiu  eight  itKrh^SQf  thegrwnd^  \X  entered  a  narrow 
chaiMid  of  bpck-^f ^, .  thrp^h  which  .iti  wat  conveyed  into  a 
iha^ll  clofe  dfaim  or  gUt^t^r^  iWhfiW  It  tef jcnwut^d^  wt(d)  a.  hooked 
end,  in  conta£twith  one  of  the  fide  hfAVks^ '  It  touched  OQthiiig 
iblid,  therefore^  ip^  its^Coarie  imder  the^  ground^  but  brick-work. 
The  rxn^U  drain  m  whiph  i^.t^rmitiatod  w)9  ^Q  piaced  as  not  to- 
sefrelv^.  much  nwiijlure;  and  t;hi6  drain  ied  into  ihcftde  of  a 

;  Of  the  ievpr^  (;oodiiiSk)(s  t^t  h%^^  been  hitherto  eonfidered^ 
the  diiiefren^  prt9  of  the/btti^ing  to  which  they  were  affxed^ 
and  tfieir.  refp(?j3^^  ^ijofwi^tioni^  vft-y  sc^unat^drawbgS:  wcra 
iqad^  oq,t|ie  %oti  t^^^Srith^fe  Cppdu/£t(^5  ^ifjere. ^  JOBowi idiftaoir 
frppji  lj|?fi»fl^ii;^p..0pdpir  tjbi0.hQttfe..thaii  Aofe.  iwWffh.rcowm  to 
be  desfccibedf  and  ajfoiihexyediop  marks  of  halving  boecL  afieded 
by  the  florn^,^  we  t^opght^it  nnn€;ce0fir^  to  enter  into  a  more 
^^XC^r;t>Sh^^  frfpeciaUy  a$>  if  aiqr  ftir** 

the;-  partV^^larajiJ^pVild  appear;  hereafter  to  be  of  cooe^quence^  it 
wiU'at,,^!  times , b(3 1 f^afy  t^  ^^^^  ^^  the .  ori^al  dn^nriu^  and 

,  We  proceed  Q9W'  t^  examine  the  fovrthi  termiiialpoi^  by 
whiqh  the  condu^^rs  from  th<^  chimnio^  P  aod.E  (fee  %»  i. 

'  ,   ..  ,.1/  .      •  tfand 
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wd  2ii)«.-l:ieiiig  i^pi^  nwrcft  thfeftfikk^rt  carajfr^  were  carried 
udder  fhe  ground.  The  conductor  of-  the  c.himney  I>,  from 
iM  uj)p0r  pqint  Xt  its  fi/>al  .tKmination,,  jconfift^d  of  ten  bars, 
into,  the  fi^th  of  which  the  condy<Sot  copiiqg  from  the  chim- 
ney E  wa^  fattened  by  its  fonrth  !b^^  r^jkbning  from  the  toJ> 
(at  JU,  fig,  J .  and  2.)/  Tim  jun<3:idti  Was  aiad?i  by  a  hpok  at  the 
lower  end  of  that  fourth  bar  of  thp  condu6tor  from  the  chim* 
jiey  E,  which  hook  was  received  into  a  hole  of  the  aboye- 
IDentipn^d  fixl^  bar,  and.  fixed  there  by.  a  nujt  underneath; 
Here  wias^  tbftrefpre,  Qixly  onq  h^ok  %»d  nut,'  inftead  jpf  two 
As.  iti  the  cot&mpn  joints.  Alfo  at  the  top  of  this  fixth  bar  of 
the  condu&Qr'  from  the  diichney .  E,  where  it  united  with  the 
fifth  bar,  only  one  hook  and  itut  were  employed  to  form  the 
juiySion, .  theiochw  book  appearing  iK^ei:  to.  hav.e  been  p«  m%Q 
its  potr^^^ondiiig  Hola.  la  thi^  fame  fixth  bur,  4bove\th^  hole 
into  which  rt4ie.cJ;>udufl:oi?  from  thfe  chimney  E  was  infertedy  we 
foudd  four  other  fparc  holes,  which  were  left  quite  erftpty. 

Ti^'cing  the  ^ond\;i<ftor  do^nw^rd  froai.this  point  of  union^ 
we  fipund  it  defQanMi.Qteir:tbe.kadof  liie  vaUey,  to  the  furface 
of  \HbiQh  it.^radtt«Uy.  approached,  till  -^t  a  hole  madi^  on  pur^ 
pofe  (^  fig.  2.)  it  palled  tl([rough  (he  lead,  .whence  it  was  con-' 
tinned  down  the  angle  formed.. by  ^e  kiter&dion  of  tlie 
«alft  Sank  ^ith^the;  frontiof  thfi.oehter^aAge.  (pH^  fig.  u  3.  mxd 
|.).tf  It  .no  whene  iouohed  jtbe^wall  of^tl^e  bbttding,  but  wi|8 
ke|»t:  in  ifi  place  by  rii^^ftap]!esl(/^,/;  fig«  3.).  Bemg  arrived 
within  two  or  three  inches  of  the  grounds  it  entered,  into  ft 
channel  of  bridk,  enclofbd  of^  all  fides  (at  f,  fig.  5.),  in  which 
It  was  continued  down  to  the .  arch  of  the  great .  drain  of  tlw 
forercourt  {^r^  figi  5.) ;!  hem,  having  pafied  through. a  hok  in 
the  hiauojch  of  the  arch  (;f,  .fig«  5.  aiid  7«),  k  was.  beat 
off  frara:die:ihoufc  thiovfj^^tho  middle^  iDf  the  drain,  and 
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ultimately  terminated  in  contact  with  the  bricks  ^  the  bott<Hn 
of  it  (at  35,  fig,  5.  and  7.).  This  cbndu£tor>  therefore,  in  its 
pafTage  downward,  did  not  communicate,  till  it  reached  the 
bottom  of  the  drain,  with  any  thing  better  able  to  carry  ofF 
eleftricity  than  mafonry  or  timber ;  for  the  iron*ftaples  faftenijig 
It  to  the  wall,  and  the  lead  lining  the  valley,  were  themfeive^^ 
in  contact  with  fuch  fubftances  only. 

As  this  drain,  then,  is  the  real  termination  of  the  condudor. 
It  muft  now  be  more  attentively  coniidered;  It  begins  at  the 
weftern  fink  of  the  fore-court  U  (fig.  i.) ;  thence  it  is  conti-^ 
nued  (V,  V,  fig.  i .)  with  a  proper  declivity  to  the  eaftern  fink  W 
(fig.  1. 5.  and  6.)  ;  it  then  runs  under  the  eaft  flank  of  the  houfe 
(V2,  fig.  I.  and  5.),  and  ends  beyond  it  in  the  fide  of  the  cefs- 
pool  P  (fig.  I.).  From  the  grating  on  the  fink  U  to  that  on  the. 
fink  W  (fig.  I.)  is  89  feet,  and  thence  to  the  cefs-pool P  near 
69  feet;  the  breadth  of  the  drain  at  bottom  (z,  fig.  7.)  is  14 
inches ;  its  height  to  the  fpring  of  the  arch  (fig.  7.)  ^6  inches^ 
and  to  the  crown  of  the  arch  (at,  fig;  5.  and7.)'23  inch^es.  When 
Vfc  faw  it,  the  moift  filth,  or  Ikidge,  at  bottom  (s,  figi  7.)  was 
two  or  three  inches  deep ;  but  when  the  court  is  (»rerflowed,  as* 
the  two  grates  (at  U  and  W,  fig;  i.)  are  laid  on  purpofe  to  rc^ 
cwt  the  Aiperfluous  moifture,  there  muft  be  (bme  rim  off 
water  through  it.  We  eftimated  the  fidl  of  the  drain,  from* 
the  eaftern  fink  W  (fig.  f .)  to^  its  ternunation  in  the  cefs-pobi 
P;  at  two  feet.  •  The  ceisr pool  itfelf  i^efembles  a  Well,  walled 
round  in  the  infide,  and  has  foul  water  ftagnating  at  the  hot'* 
torn,  which  cannot  rife  above  a  certain  height  en  account  of  a* 
large  drain,  leading  from  it  into  the  great  referveir  (at  R^ 
fig.  i.),  out  of  which ^e  fiiul  .Wiater'is  iultini&t;dl)ripumped«r 
When  we  ekamfncd.this  cefs^pool,  the  watei:"  in  it 'Aood 'evet> 
the  bottom  of  that  great*  drnp,  coAfequedtlyiWaaaimalb 
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itf^hi^h  as  It  could  be,  unlefs  the  drains  ihould  at  any  time  be 
flooded ;  and  upon  meafuring  the  diftance  from  the  bottom  of 
the  drain  coming  from  the  fore-court  (V2,  fig.  i.)  where  if 
terminated  in  the  fide  of  the  ccfs-pool,  down  to  the  furface  of 
the  water  ftagnating  in  the  cefs-pool,  we  found  it  3!  feet. 
This  interval,,  therefore,  of  three  feet  and  a  half  muft  bepafled 
through,  to  form  a  communication  between  the  water  in  the 
drain,  and  that  in  the  cefs-pool.  The  drain  is  firmly  built  of 
brick  and  mortar  (fee  the  feftion  of  it,  fig.  7.).  To  determine 
the  nature  of  the  foil  in  which  it  is  laid,  a  hole  was  dug  in  the 
fore-court  feven  feet  deep,  where  we  found  nothing  but  fand,  at 
this  time  pretty  moifl,  with  a  few  pebbles.  There  is  reafbn  to 
believe,  however,  from  the  foil  of  an  adjacent  declivity  to  the 
iK)rthward,  that  below  the  fand,  perhaps  at  the  depth  of  15  or  • 
1:6  feet,  a  bed  of  clay  would  be  found.' 

Againft  theeaft  flank,  near  the  corner  T  (fig.  i.),  there  rifes 
ai  leaden  pipe  with  a  cock  (O,  fig.  2.),  to  which  the  water  is 
conveyed  from^  raifed  ciftem  {fee  r,  fig.  i .)  in  one  of  this  de- 
tached offices  of  the  back>-court.     A  main  of  lead  from  the- 
Cfftern,  which  is  itfelf  of  that  metal,  after  fending  out  pipes  - 
te  fbme  other  cocks,  and  paffing  through  the  cellars  of  the 
houfe,  comes*  in  to*  the  forfi-court  about  four  yards  from  the 
corner  T  (fig^  .1.)  and  is  carried  over  the  dfain  at  the  diftance  of 
about  a  foot,  above  its  crown,  and  eight  inches  below  the  fur-- 
face  of  the  ground.     Here  it  divides  intatwo  branches,  one  of 
which  goes  flraight  to  the  cock  at»0  (fig.  2.},  and* the  other- 
runs  weflward^  to  fupply  a  ifimilar  cock  in  the  oppofitecomer. 
We  meafured  the   diflance    of    thefe  pipes  and   cocks   from 
the  cdndudors,  and  found  that  tbey^cameno^  where  nearer/ 
than  five  feet  and.  an  half. . 

Such> 
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Such  were  thp  coadudors  that,  in  the  qianth  of  JiiiK,  I777f 
feveral  years  after  the  Houfe  of  luduftry  had  been.built^  Were 
ereded  with  the  hope  of  guardingjit  from  lightning.  The  iron 
of  which  they  were  formed  had  in  that  time  acquired  a  coat  of 
ruft,  fuch  as  might  he.expeded  from  four  years cxpofurc  to  the 
air.  On  the  17th  of  June,  1781,  after  a  ihowery  foreooon,  a 
heavy  cloud  having  rifen  from  the  S.  W.  brought  on  a  /cvcre 
thuuder-ftorm,  attended  with  fuch  heavy  hail  and  rain,  that 
the  court  before  the  houfe  was  overflowed^  At  l^s^h,  about 
three  in  the  afternoon,  when  thi^  dorm  had  already  kfted  15 
or  20  minutes,  a  (ingle  and  very  loud  explofion  was  heard,,  like 
the  report  of  a  cannon^  which  exceedingly  terrified  all  the 
people  in  the  houfe,  and  ajSefbed  three  of  the  paupers  io  much 
that  they  fainted.  At  the  fame  time  a  gri^t  li^t  was  per- 
ceived, which  feemed,  as  they,  exprefled  it,  to  cooie  in  at  the 
windows,  and  ilill  more  at  the  doors  of  the  rooms,  like  a  iheet 

* 

of  fire.  Within  one  or  two  minutes,  the  fouth'*eaft  corner  of 
the  eaft  flank  of  the  building  was  observed  to  be  oa  fire^  the 
flame  burfliiig  out  at  the  bottom  of  the  hip  (fe6  g  in  fiig.  ^.  4. 
and  1 1.)«  By  the  briik  exertions  of  the  people  in  the  hooie, 
this  fire  was  quickly  extinguifhed ;  and  the  court  was  fo  over* 
flowed,  that  they  procured  fuflicient  water  for  that  purpefe  by 
means  of  a  hole  whidh  they  dug  near  the  burnitig  comer  of  the 
building*  The  fl:orm»  and  efpecially  the  rauif  continued  fbme 
time  after  the  ftroke^  but  not  with  fuch  violence  as  before.  At 
the  moment  of  the  explofion  it  was  nearly  calm ;  but  the  wind 
had  been  fouth-wefterly  all  day,  and  the  iky  was  obfervcd  to 
jbe  clearing  in  that  quarter  about  the  time  of  thesaccxdeot. 

To  come  at  th^firf ,  in  oorder  to  extinguifli  it^  the  lead  had 

been  rolled  off*  the  bottom  of  the  hip,  and  fome  bricks  thiowu 

^wn,  all  of  which  were  replaced  when  we  arrived  at  Hecking- 

5  ham; 
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ham ;  but  as  the  men,  who  had  gone  up  to  the  comer  of  the 
houfe  aa  the  firft  appearance  of  the  fire,  feemed  to  recollect 
vtty  woir  theftate  in  which  th^.had  found  the  lead  and  tiles 
at  that  knonitent,  thef  were  defired  to  put  every  thing  in  the 
fame  ftaUe  to  the  beft  of  their  noemory.  With  this  view  they 
turned  back  the  lead  at  the  bottom  of  the  hip  on  its  fbuth  (ide^ 
£>  that  the  ^th«-wefi  face  of  the  hirp^pole  might  be  (etn,  and 
Xhxtsvi  dotvn^a  feiv  tiles^  after  fetting  one  on  edge  againft  the 
hip^rafter.  /  The  li^tntng  theo,  if  fuch  evidence  be  admitted^ 
bad  raiied  up  that  corner  of  the  lead  to  the  breadth  of  about 
fix  inches  at  die  bottom,  and  diiplaced  fome  tiles.  An  efi^ 
of  this  kind  upon  the  lead^  is  one  of  the  commoneft  fa^s  ob» 
jferved'in  buildings' that  have  been  ftruck  'by  lightning.  It  fb 
kappemdy  that  the  piece  of  lead  winch  we  found  on  the  bot-» 
torn  of  the  hip  at  Hcckingham,  had  upon  it  feveral  impreffioris 
cr  pits  ^  concerning  wblchi  various  opinions  were  entertained^ 
txil  an  expeofknccfyi  made.iinoe  our  return  to  town^^ems  to 
have  pikt  it;  beyond  dcixiht^/ tlsat  tfaey  are  nothing  but  marks  cvT 
kufge  (hot,  fuch  as  might  ha^e  been  produced  by  firing,  with  a 
large  £QrwIing<^piecey  at  a  bird  fitting  oa  the>  corner  of  .tko 
h0u&»  All  the  people  who  afiifled  m  extinguiAing  the  fibd 
agiieed,  tfaat'qa  Iii0  eaStosn  iide  of  th&  hip^  the'  liead  remained/ 
after  the  iiiokey  in  iti  ufual  fitoatibfi^ 

On  removing  entirely  the  lower  part  af  the  lead,  no  kind  of 
damage  was  feen  on  the  wood  of  the  hip-pole,  except  that  near 
the  lower  end  it  was  fiightfly  fcorched*  vd  one  place,  apparedtly 
by  the  flame  which  had  burft  ibrth  from  bel6w;  the  fpike*b;^il 
which  had  faflened  the  lead  to  it  appeared  perfetftly  found,  and?, 
even  the  hole  made  by  that  nail  in  the  wood  was  neither  burnt 
not  fplinfeered.  This  hip-pole  was  fupported,  at  its  proper  diilbikre^ 
fmm  the  hip^raftec,  by  aniron-iirapi'or  hbldiaifl,.  which  was 

driveos 
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driven  iuto  the  timber  making  the  tie  of  the  angle,  through 
the  bevelled  end  of  the  hip-rafter,  juft  without  the  part  where 
tlie  tenon  of  the  latter  is  received  into  the  moritife  of  the  for- 
mer (ki,  fig.  8.),  Here  it  was  that  the  fire  feemed  to  have  be« 
gun,  though  neither  the  holdfaft  itfelf,  nor  the  hip-pole  refting 
upon  it,  (hewed  any  figns  of  the  lightning.  From  the  place  mto 
which  this  holdfoft  was  driven  (^,  fig.  8.)  to  the  outer  end  of  the 
angle- tie  (^,  fig.  8.)  there  was  a  confiderable  lofs  of  fubfhincey 
occafioniug  a  large  hole ;  but  the  (ides  of  the  hole  within  were 
fo  fmooth,  and  fo  little  charred,  (hewing  plainly  the  grain  of 
the  wood,  that  it  was  fcarcely  poflible  to  fuppbfe  the  whole  had 
been  hurnt  out ;  w&  conje£tured,  therefore,  that  a  large  fplih- 
ter  had  been  forced  ioff  by  the  lightning  at  this  place,  and,  in 
the  fame  moment,  the  tenon  of  the  hip.»*xaftexf  fet  on  &vt  where 
it  enters  the  mortife.  -  Indeed,  unlefs  fome  opening  had  been 
made  by  forcing  out  fuch  a  piece,  it.  does  i^ot  appear  how  the 
fire  could  have  burnt,  for  want  of  air,  in  a  part  that  is  always 
io  clofely  joined  by  builders :  and  yet,  in  this  confined  place, 
the  tenon  of  the  hip-rafter  was  (b  far  confumed,  that  a  ruler 
could  bethruft  in,  almoft  to  the  further  extremity  of  the  mor- 
ti(e.  From  this  (pot  the  flame  feems  to  have  iffued  out  eaft* 
ward,  between  the  tie  of  the  angle  and  the  wall- plate  (c,  c,iig« 
8.)  fcorching  all  the  timbers  it  could  reach,  and  fetting  firo  to 
the  laths ;  but  the  mi(chief  it  had  done  was  very  trifling  (fee 
fig.  8.). 

Juft  beneath  the  abovementioned  hole  at  the  end  of  the 
angle«tie  .(^,  fig.  8),  is  the  extremity  of  the  wall-plate  which  lies 
upon  the  eaftern  wall  of  the  eaft  flank  (^,  fig.  8.].  The  end  of 
this  wall-plate  was  rent  in  a  remarkable  manner  (^,f,^,^,fig.8.), 
and  feveral  of  the  fiffures  were  continued  fome  way  upon  the 
fides  (^and/,  fig.  8.}*    Though  the  other  timbers  we  have 
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mentioned  are  of  fir,  the  wall-plate  is  of  folid  oak ;  and  the 
violence  done  to  its  extremity  was  fuch,  that  we  could  not 
doubt  but  it  had  been  occafioned  by  the  lightning. 

Under  this  end  of  the  wall-plate  there  was  a  crack  in  the  fbuth 
face  of  the  corner  («,  fig.  8.),  which  went  down  four  courfcs  of 
bricks,  and  then  terminated  abruptly  (w,  fig.  3.).  The  three  ex- 
ternal courfes  of  bricks  above  this  crack  were  new,  and  projeded 
out  much  farther  than  the  others,  to  form  the  cornice  of  the 
wall.  Whether  the  bricks  of  the  old  cornice  had  been  damaged  or 
thrown  down  by  the  ftroke,  we  could  not  learn  with  certainty ; 
but  the  general  report  among  the  people  we  confulted  was,  that 
they  had  not,  and  were  only  taken  down  to  extinguish  the  fire  : 
this  opinion  feemed  probable  from  the  want  of  marks  on  the 
hip-pole  which  projefted  out  with  the  cornice,  and  the  ap- 
pearance of  fuch  ftrong  efFefts  of  lightning  on  the  wall-plate 
which  lay  within  any  part  of  the  projection ;  whence  it  might  be 
concluded,  that  the  lightning  paffed  within  the  cornice,  and 
no  where  through  it.  Between  the  Bottom  of  the  wall -plate, 
and  the  top  of  the  crack  where  it  appeared  to  begin  at  the  foot 
of  the  cornice  (fflr,  fig*  3.  and  8.),  lay  t^vo  inner  courfes  of 
bricks  {p  and^,  fig.  8.)  covered  by  the  cornice.  Some  damage 
had  evidently  been  done  to  the  bricks  in  this  part,  though  we 
could  not  diftinctly  trace  the  progrefs  of  the  lightning  through 
them. 

Beneath  the  eaft  edge  of  the  wall-plate,  and  feparated  from 
it  in  like  manner  by  two  courfes  of  bricks,  a  fimilar  crack  de- 
fcended  from  the  bottom  of  the  cornice  {/,  fig.  4.  and  8  )  on 
the  eaft  face  of  the  corner,  and  went  through  ten  courfes  of 
bricks  till  it  reached  the  top  of  the  wall  that  fupported  the 
ftable.  Here  the  three  bricks  next  the  houfe,  it  is  faid,  were 
fhivered  into  pieces  as  fmall  as  nuts,  but  not  thrown  off  i(r,  fig« 
10.  and  II.).     The  cracks  in  the  bricks  ok  both  faces  of  the 
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corner  remained,  having  only  been  filled  up  with  mortar ;  but 
new  bricks  were  put  in  the  place  of  the  three  that  had  been 
broken  on  the  wall.  All  the  workmen  we  faw  agreed  in  opi- 
nion, that  no  iron  cramps,  or  other  metal,  had  been  ufed  in  the 
b*ick-work. 

Beginning  from  thefe  three  fhivered  bricks  on  the  top  of  the 
tvall,  three  courfes  of  pantiles  on  the  roof  of  the  ftable,  in  the 
diredion  downward,  were  in  great  meafure  broken  or  difplaced, 
except  about  tWQ  feet  of  the  lower  end  of  the  courfes,  near 
the  eaves,  where  the  tiles  remained  untouched  (fee  c,  /w,  g^  y, 
fig.  ID.  and  c,  y,  fig.  ii.).  AU  thefe  pantiles refted  upon  laths^ 
which  were  fiaft^ned  to  the  rafters  of  the  roof  by  iron  nails 
about  eleven  inches  afunder*  Within  the  ftable,  and  almoin 
underneath  the  fpot  where  the  damage  to  the  pantiles  ceafed,  a 
faddle  hung,  at  the  time  of  the  accident,  by  a  nail  driven  into 
the  wall  at  that  weft  end  of  the  ftable^  which  was  alfo  the 
eaftern  wall  of  the  eaft  flank  of  the  houfe  («r,  fig.  lo.)*  As 
this  faddle,  being  much  torn  by  the  lightning,  feems  to  have 
been  the  ftep  by  which  it  pafted  through  the  ftable,  the  refpec- 
tive  fituations  of  all  their  parts  ftiall  be  minutely  defcribed. 

The  ftable  in  its  infide  is  25  feet  long  (from  r  to  j,  fig.  p.), 
13  feet  broad  (from  t  to  f/,  fig.  9,),  15!  feet  high  on  its  fouth 
fide  (from  w  to  x^  fig.  10.),  aixd  7 J  feet  on  the  north  (from'/ 
to  z,  fig.  10.).  At  the  weft  end  is  a  ftall  for  one  horfe  (j,  fig. 
9-).  Near  the  middle  of  the  north  wall  is  a  drain  (  y,  fig.  9. 
and  16.),  which  terminates  juft  without  the  wall  in  the  gar- 
den (^,  fig.  9.  and  10.).  Againft  the  weft  end  of  the  ftable,  a 
fhelf  (^,/,  fig.  10.)  was  fupported  by  twd  nails  underneath  (/i 
fig.  10.).  Seven  inches  and  a  half  below  this  Ihelf  was  a  naD, 
on  which  the  faddle  hung  by  one  of  its  ftirrups  (w,  fig.  10.). 
The  breadth  of  the  flielf  was  near  one  foot  and  an  half;  its 
I  .  length 
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length  (from  etofj  fig,  lo.)  two  feet  five  inches;  and  the 
pantiles  feem  to  have  been  difplaced  a  little  farther  down  on 
the  roof  (^,  fig.  i  o.)  than  the  line  correfponding  perpendicu- 
larly with  the  north  end  of  the  (helf  (/%  fig,  ic).  Neither  the 
ihelf,  nor  the  nails  fupporting  it,  w^hich  were  both  near  its 
north  end,  (hewed  any  figns  of  injury ;  whence  it  may  be  coii- 
je^ured,  that  if  the  lightning  took  its  courfe  this  way,  it 
pafled  obliquely  between  the  faddle  and  the  roof,  fo  as  to  mifs 
the  edge  of  the  flielf,  leaving  it  to  the  fouthward.  The  upper 
part  of  the  fouth  fide  of  the  ftable  was  boarded  off  from  the 
reft,  to  form  a  hay-chamber,  which  occupied  fo  large  a  portion 
of  the  roof  (from  x  to  w,  fig,  lo.),  that  the  boards  of  the  per- 
pendicular partition  (at  Oj  fig.  lo.)  came  within  ten  inches  of 
the  nail  on  which  the  faddle  hung.  Thefe  boards  were  faftened 
to  the  uprights  of  the  partition,  all  the  way  down  from  the 
roof,  by  nails  about  fix  inches  afunder,  confequently  fome  of 
thofe  nails  muft  have  been  within  ten  inches'of  the  ftirrup-iron 
as  it  hung  on  the  nail  in  the  wall  ((?  and  w,  fig.  ic).  No 
tokens  of  the  lightning  could  be  difcovered  on  thofe  boards,  or 
the  nails  fattening  them  ;  we  Could  not,  therefore,  be  certain, 
whether  any  part  of  it  had  paffed^  that  way.  The  nail  which 
fupported  the  faddle  was  equally  free  from  marks ;  but  one  of 
the  ftirrup-leathers  was  much  torn  and  burnt,  and  a  large  piece 
of  the  leather  was  ftripped  off  the  feat  of  the  faddle,  befides  other 
damage  done  to  it  in  that-  part.  One  of  the  ftirrup-irons, 
likewife,  exhibits  fome  appearances  of  fufion  on  the  arch 
through  which  the  ftirrup-leather  pafles.  This  iron,  as  well  as 
the  ftirrup-leather,  being  the  only  damaged  parts  of  the  faddle 
that  remained,  we  have  brought  for  your  infpeftiou. 

It  muft  be  evident  that  we  derived  the  knowledge  of  moftof 
thefe  circumft'ances  relative  to  the  efFcfts  of  the  lightning  upon 
and  within  the  ftable  from  information,  the  damages  having 
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been  repaired  before  our  arrivaL  As  the  workmen  prefent, 
however,  agreed  pretty  well  in  their  teftimony,  and  it  was  cor- 
roborated by  every  thing  that  appeared,  we  de(ired  them  to 
replace  all  the  parts  as  they  were  left  by  the  accident,  and 
thence  n^ade  the  defcriptions  and  drawings.  We  gave  dircc* 
tions  that  a  man,  accuilomed  to  the  ftable,  fliould  hang  up  the 
faddle  there  in  the  ufual  manner,  and  tjbea  afcertained  the  foU 

lowing  meafures  ^ 

Et.    lo. 
From  the  nails-  fupporting  the  (helf  in  the  ftable  (at 

fj  fig.  lo.)  to  the  neareft  nails  of  the  pantile  laths 
of  the  roof  (about  by  fig.  lo.)     ^        -         -  ^3 

From  the  fouth  end  of  thjB  (helf  (<?,  fig.  lo.)  to  the 
roof  over  it  (w,  fig.  iq.)  *  -*  z     i 

N.  B.  The  fouth  end  of  the  (helf  was  fixed  to- 
the  partition-boards  of  the  hay-chamber  (^, 
fig.  lo),  and  the  two.  nails  under  its  north 
fide  (/,  fig.  10.)  were  5!  inches  apart. 
From  the  neareft  of  the  nails  fupporting  the  north 
end  of  the  (helf  (yi  fig.  i  o.)  to  the  nail  on  which 
.    the  faddle  hung  (;7,  fig.  10.)  -^  -  o     ? 

Length  of  the  ftirrup-iron  below  the  nail  (/7,  fig. 

10.)  .  *  ^  .  o     31 

Length  of  the  ftirrup-teather,  from  the  ftirrup-iron 

to  the  feat  of  the  faddle  •  •  ^9. 

Breadth  of  the  feat  of  the  faddfc         •^  about     o.     8. 

Diftance  from  the  lower  fide  of  the  feat,  as  the  faddle 
hung,  to  the  bottom  of  the  loweft  ftirrup-iron  (^, 
fig.  10.)  ...  .  20 

Piftance  from  the  loweft  ftirrup-iron.  (j^,  fig.  lo.), 
to  the  floor  of  the  ftable  (near  d^  fig.    10.  and 

9*)  •  "  •  ■  about    3    6 

As 
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As  the  faddle  was  thus  placed  by  rccolleftion,  the  girths* 
reached  from  it  to  the  ground  (^,  fig.  lo.  and  9.)  ;  but  neither 
thefe  girths,  nor  any  other  part  of  the  faddle,  except  one* 
ftirrup-iron,  one  ftirrup-leather,.  and  die  feat,  were  faid  to  haVe 
been  damaged  by  the  ^accident. 

From  the  quantity  of  rain  whkb  fell  in  the  thunder- ftorm^ 
the  ftable  was  o\cerflowed  with  water,  which  gradually  funic 
into  the  drain  (at  j>^,  fig.  9.  and  10.).  The  leather  ftripped  ofP 
the  feat  of  the  faddle  was  found  in  the  ftable  near  this  drain  y 
whether  thrown  there  originally,  or  carried  by  the  water, 
is  uncertain.  '  From  the  point  of  the  floor  immediately  under 
the  faddle,  to  the  neareft  part  of  the  drain,  was  about  1 2i  feet  ;- 
the  width  of  the  drain  (jv,  fig.  9.)  14  inches-;  its  length ^ 
through  the  wall  to  the  edge  of  the  hole  or  fink  into  which  it* 
difcharges  itfelf  18. inches,  and  the  depth  of  the  fink  from  the- 
bottom  of  the  draia  about  one  foot  and  an  half.  As  this  fink^ 
was  merely  a  hole,  without  any  drain  leadingyr^w  it^  and  was* 
bricked  at  the  fides,,  the  water  could  not  pafs  off  by  the  drain* 
of  the  ftable  any  fafler  than^  it  could  foak  through  the  loofe* 
foil  at  the  bottom  of  the  fink..  And  it  iS' evident,  from  this^ 
conftru£lion,  that  the  earth  under  the  fink  will  ufually  be  fome>* 
of  the  wetteft  near  the  buildings  and  ba  impregnated  with  falts  - 
from  the  ftale  of  the  horfes» 

Except  the  marks  which  have  been  alrea^  defcribed,  we 
could  not  find  on  any  part  of  the  ftable,  either  within  or  with-  - 
out,  the  leaft  veftige  of  the  lightning.  We  particularly  exa- 
mined the  Xz'dAJiaJbing  oa.the  top  of  the  roof  (from.^  to  ^,  fig. 
i;i .),  and  the  hay-chamber  immediately,  under  the  three  broken  % 
bricks  and  the  difpiaced  pantiles^  but  in  vain.  There  was  a  hook 
fixed  in  the  wall,  15  inches  below  the  nail  on  which  the  faddle 
hiing^  and  fo  exaftly  underneath^  that  the  ilirrup- leather  may>. 

be. 
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be  fuppofed  to  have  covered  it ;  but  this  alfo  appeared  to  be  per- 
fe£tly  untouched.  After  making  every  poffible  inquiry,  we 
could  not  determine  by  evidence,  whether  the  ftirrup-leather 
which  is  fo  finged  and  torn  was  the  upper  or  the  lower  one  at 
the  time  of  the  accident.  Much  lefs  could  we  get  information 
of  the  refpeftive  pofitions  of  the  two  ftirrup^irons.  But,  what- 
ever their  fituation  may  have  been,  as  fo  few  fteps  were  to  be 
traced,  it  would  feem  that  the  lightning  muft  have  jumped 
over  at  leaft  one  long  interval  in  its  paffage  through  the  ftable. 

About  feven  feet  from  the  ftricken  corner  of  the  building, 
and  almoft  two  feet  from  the  neareft  part  of  the  roof  of  the 
stable,  is  a  window  (A,  fig.  4.  10. -and  11.)  being  the  fouthern- 
moft  of  the  upper  range  on  the  eaft  face  of  the  flank.  It  has 
thirty  fmall  panes  of  glafs,  fet  in  lead.  We  were  informed, 
that  about  half  of  thefe  had  been  broken  by  the  accident, 
chiefly  on  the  fide  next  the  corner ;  and  that  the  fiflures  ran  in 
general  horizontally,  nearly  parallel.  Very  little,  if  any,  of 
the  glafs  was  forced  out.  As  we  could  not  difcover  any  trace 
of  the  lightning  direftly  toward  this  window,  a  fufpicion  arofe, 
whether  it  might  not  have  been  broken  rather  by  the  general 
coucuflion  than  by  any  immediate  ftroke. 

Having  examined  all  the  marks  that  appeared  between  the 
bottom  of  the  ftricken  hip  and  the  ground,  our  next  inquiries 
were  directed  to  the  top  of  the  hip  (/^  fig-'^*  3-  4-  ^nd  ii.). 
Here  the  upper  plate  of  lead  (^,  fig.  4.)  which  ferved  as  a  cap- 
ping to  the  jundlion  of  the  hip  with  the  ridge  of  the  roof, 
being  taken  ofF,  wc  found,  on  its  under  furface,  three  diftind 
mr.rks  of  fufion  ;  and  oa  the  upper  furface  of  the  (heet  of  lead- 
which  it  covered  three  correlponding  marks,  fo  exa^Iy  fimilar, 
that  the  two  furfaces  of  lead  feem  to  have  touched  one  another 
in  a  melted  ftate*     Thefe  fuled  fpots  arejuft  in  the  bend  of  the 

lead, 
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fcad,  anfwering  to  the  obtufe  angle  formed  between  the  hip  and 
the  roof  (/i  fig.  4.).  We  obtained  leave*  to  bring  away  both 
the  pieces  of  lead,  and  now  prefent  them  for  your  infpeftion. 
The  workmen  who  examined  the  timber  underneath  reported, 
that  it  was  not  damaged ;  nor  were  any  other  figns  of  the 
lightning  perceived  in  the  whole  length  of  this  flrip  of  lead 
from  the  top  to  the  bottom  of  the  hip»  In  the  pieces  of  lead 
which  exhibit  the  melted  foots  on  one  fur  face,  the  other  fur* 
face  IS  perfeftly  clear  of  all  marks,  though  the  latter  was,  in 
the  uppermioft  plate  of  lead,  that  which  had  lain  expofed  to 
the  clouds.  Neither  of  them  is  melted  to  any  depth  into  the- 
fubftance  of  the  metal. 

As  both  extremities  of  the  hip,  therefore,  were,  in  fomc 
degree  at  leaA,  affefted  by  the  lightning,  we  proceeded  to  afcer- 
taip  their  diftances  from  the  neareft  conduftor,  which  was  that 
affixed  to  the  chimney  E  (fig.  2.  and  4.).     Having  determined^ 
the  neceflary  meafures,  and  calculated  the  hypotenufe,  the  dis- 
tance from  the  point  of  the  conductor  to  the  beginning  of  the 
lead  dn  the  top  of  the  hip  (^,  fig.  4.)  came  out  42  feet  and  a 
quarter ;  thence  to  the  bend  where  we  found  the  marks  of  fu- 
fion  (from  e  tof^  fig.  4.)  was  five  or  fix  inches  more ;  and  as  the 
hip  meafured  about  27  feet  in  kngth>  the  diftance  from  the 
condu<Slor  to  the  bottom  of  the  hip  (f,  fig.  4.)  may  be  called  69. 
feet.     From  the  top  or  bottom  of  the  hip,  to  the  neareft  part 
of  the  condudor  as  it  ran  downward,  the  diftances  were  not  a^ 
foot  lefs  than  thefe  meafuresc     We  then  took  down  the  upper-' 
moft  rod  of  the  conductor,  and  carefully  examined  it,  efpecially 
at  the  point,  and  at  the  hook  and  fcrews  by  which  it  had  been 
joined  to  the  fecond  rod  ;  but  could  no  where  difcover  the  leaft 
mark  of  fufion  or  other  injury.     At  the  bottom  of  this  con- 
dudor,.  however,  where,  having  joined  that  from  the  chimney 
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D,  it  terminated  in  the  drain  (fee  the  general  plan,  fig,  i.  and 
a,  fig.  3.),  a  fmall  bright  fpot  appeared  on  one  of  the  angles. 
As  fome  fufpicions  were  entertained,  whether  this  mark 
might  not  liave  been  occafioned  by  the  lightning,  we  cut  off 
the  end  of  the  rod,  and  have  brouglit  it  hither  for  public  exa- 
mination. 

Where  this  conductor  entered  its  channel  at  the  corner  of 
the  court  (fee  T,  fig.  i.  and  ^,  fig,  2.  and  5.),  the  ground  is 
raifed  fo  much  above  the  grate  of  the  fink  (W,  fig.  i.  and  5.) 
:that,  though  the  court  was  overflowed,  it  is  not  probable,  the 
water  could  have  rifen  high  enough  to  run  into  the  channel  (at 
^,  fig.  5.),  and  fo  communicate  with  the  condu^or  before  it 
reached  the  drain. 

Clofe  to  the  chimney  E,  a  dinner-bell  hung  in  a  common 
frame  (y,  fig.  2.  and  4.).  Three  difl^erent  perfons  went  up  to 
examine  this  bell ;  but  could  not  difcovcr  upon  it  -any  where 
ithe  leaft  veftige  of  the  lightning* 

Such  are  the  fafts  we  were  able  to  cdllc£l  From  {an  tfffiduous 
examination  of  the  Poor-houfe  at  Heckingham,  and  of  thofe 
witnefles  in  the  neighbourhood  who  knew  any  thing  erf  the 
accident.  We  have  ftated  the  appearances  as  they  prefented 
themfelves  to  us,  with  all  the  minutenefs  that  could  be  pre- 
ferved  without  too  much  crowding  the  narrative,  and  indepen- 
dently of  any  opinions.  Whether  the  earth  or  the  clouds  were 
pofitive  at  the  time;  whether  the  top  or  bottom  of  the  hip 
was  firft  afFefted  by  the  ftroke ;  whether  all  the  lightning  took 
its  courfe  through  the  Wp,  or  ^art  went  that  way,  and  part 
through  the  condu<flor ;  and  how  far  the  conduftors  were  pro- 
iperly  conftrufted,  or  adequately  terminated;  are  queftions 
which  will  naturally  fuggeft  themfelves  to  your  confideration. 

It 
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It  lAay  be  propcry  howfevtEr,  !to  add  the  two  following  pieces  of 
information.  ^ 

Oae  of  the  cripples  In  the  Houie  of  Induftry,  a  middle- aged 
woman,  sifTured  us,  thai:  at  the  time  of  the  accident,  as  fhe 
^as  lookmg  from  th^  door  of  the  hall  (which  is  hi  the  center 
of  the  front  facing  the  fouth),  (he  faw  three  balls  of  fire  dart 
down ;  that  one  fell  e^aftly  oppofite  her ;  a  fecond  feemed  to 
flrike  the  corner  of  the  houfe ;  and  th^  other  defcended  in  the 
direftion  of  a  door  in  the  eaftern  flank,  which  was  not  far  out 
of  the  perpendicular  line  of  the  chimtte jT  E  (fee  the  general 
plan,  fig.  I  .y.  If  any  credit  could  be  given  to  the  teftimony  of 
fuch  a  perfbn  in  a  matter  like  this,  it  would  incline  us  to  be- 
lieve, that  the  explofion  was  made  in  three  ftreams,  of  which 
one  pafled  through  the  conduftor  of  the  chimney  E,  and  ano- 
ther through  the  damaged  corner  of  the  houfe ;  whilft  the  third 
fellon  the  ground,  or,  as  the  woman  deicribed  it,  on  the  great 
gate  of  the  forecourt  near  the  lodges  (fee  the  general  plan, 
fig.  I.).  We  examined  the  gate  and  lodges,  with  the  adjacent 
parts,  but  could  no  where  difcover  any  marks  of  injury ;  nor 
could  we  learn  that  any  place  in  the  neighbourhood  had  been 
ftruck,  or  that  any  perlbn,  except  this  woman,  pretended  to 
have  feen  the  courfe  of  the  lightning. 

In  our  return  to  town,  through  Norwich,  we  faw  an  inge- 
nious gentleman  of  that  city,  who  fays,  that  he  found  the 
clouds  negative  there  on  the  day  of  the  accident  at  Hccking- 
ham. The  two  places  are  diftant  about  eleven  miles  by  the 
road. 

It  would  be  unpardonable  to  conclude  this  Report,  without 
expreffing  our  obligations  to  the  Direflors  and  Guardians  of 
the   Houfe   of  Induftry  at  large,    and   to  the  neighbouring 
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Gentlemen  itt  particular,  for  the  liberal  manner  in  whicfr  they 
feconded  our  endeavours  to  execute  the  comminion  with  whick 
you  had  charged  us.  By  their  kind  a0iftaace  proper  workmea 
were  provided;  and  every  accommodation  affi)rded  us,  that 
could  contribute  to  the  inrefligation  of  this  remarkable  accident 

We  have  the  honour  to  be^ 

OEHTLEMEN, 

Youv  mofi  obedient  humble  fervants,; 

C.  Blasdenv 
Edw.  Naikme;. 

l/)Bdon,  Feb.  7,  1781^. 
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XXIH.  j9ccouttt  of  the  Org/fn  of  ^g^mg  m  jpjfll 
By  John  Hunter,  Efy,  PI  R,  S, 


Read  Nov.  1 4,^  t78lx. 

NATURAL  luik>r)r  has  €v^r  beea  conitd^red  as  worthy 
the.  atteiAtiott  «f  the  cusipus.  phUoibphjcr,  and  therefore^ 
faas  xa  all  age«  kept  pace  with  the  other  braiiches  of  know- 
ledge; aad  aia  both  a^ta  aod  fdences  have^  of  late  years^  beea 
cultivated  to  a  ^gree^  perhaps,  beyood  what  wa^  ever  knowa 
befbn^  we  fitid  a^tfo^  that  natwal  iuftory  has  uot  l>een  neg* 
ledted ;  all  Europe  appears  to  be  awake  to  It.     In  this  ifland  it 
has  been  pursued  with  oiore  philofophic  ardour,  than  what  was 
ever  known  in  anj  country.    It  has  become  the  fludy  of  men 
of  independent  fortunes^  who  not  only  ipend  their  fortune^ 
in  the  cultivation  of  this  fcience,  but  have  rifqued  their  health 
2nd  lives  in  purAiit  of  it,  fearching  unknown  regions  to  im- 
prove mankind,  fettling  correfpondences  every  whefe,  fo  as  to 
faring  in  its  materials  into  this  country,  in  order  to  make  it  tho  ^ 
ichool  of  natural  hiftory.     It  is  no  wonder,  then,  that  a  fpirit 
of  incjuiiy  is  difiufed  through  almoft  all  ranks  of  men ;  and 
that  though  many  cannot  purfue  it  themfelves,  yet  they  are 
eager   to  know  what  is  already  known,    chufing  at  leaft  to 
benefit  by  the  induftry  of  others. 

Thefe  reflexions  have  induced  me  to  trouble  this  learned 
Society  with  a  (hort  accouAt  of  the  Organ  of  Hearing  in 

D  d  ^  2  Fiih, 
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Fiffi,  irbcing  ftUl  a  ftibjed  of  great  difpute,  whether  fi(h  hear 

w  not. 

Some  time  between  the  years  fj^o  and  1760,  I  obferved  the 
organ  of  heariog  in  fifbj  and  irom  that  time,  to  this,  I  only 
confidered  it  as  a  link  in  the  chain  of  the«varicl^es  in  this  ienfe 
In  difierent  animals^  in  which  there  is  a  regular  progreflion^ 
vi%.  from  the  moft  perfect  animals  down  to  the  moft  iinperfed 
poffeffed  of  this  organ  ** 

As  I  do  not  intemT  to  give,  iii  this  p&per,  a  full  account 
of  this  organ  in  any  one  fifli,  or  of  the  varieties  in  difierent 
fi{h,  but  only  of  the  organ  in  generaJ  j  thofe  wha  may  chufe 
to  purfue  this  part  only  of  the  animal  eeconomy  may  think 
it  deficient  in  the  defcriptive  parts.  If  it  ww  a  difficu^lt 
talk  to  expofe  this  organ  in  frlh,  I  fhould  perhaps  be  led 
to  be  more  full  in  my  defcriptton  of  it,,  but  there  is  nothing 
more  eafy  thaii  the  expofure  of  this  organ  in  this  aniaud  in 
general. 

As  thfs  paper  is  to  be  confined  to  this  order  of  animals,  I 
may  be  allowed  juft  to  obferve  here,^  that  the  clafe  called  fepia; 
has  this  organ  affo,  but  fomewhat  differenrtly  con^Fu£bed  fiom. 
what  it  is  in  the  fifh. 

The  organs  of  hearing  in  this  latter  order  of  aitimaf&  arc 
placed  on  the  fides  of  the  fkull,  or  that  cavrty  which  contains* 
the  brain  ;  but  the  fkull  itielf  makes  ik)  part  of  the  organ,  as  it 
does  in  the  quadruped  and  the  birdl  In  fbme  fifh  this  organ  is. 
wholly  furrounded  by  the  parts  compofing  fhis  cavity,  which- 
fii    many   i^   cartilaginous,  the  fkeleton   of  thefe  fiih  being' 

*  Preparations  toilluftrans  thefe  fatfls  have  been  ever  finee  fliewti  ia  any  collec- 
^00  to  the  curk)u«  both  of  this  country  and  foreigners :  when  in  (hewing  what- 
ever was  new,  or  fuppofed  to  be  nevv^  the  ears  of  ^  were  always  confidered  by 
m%  as  one  important  artide* 
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£ke  thoCe  of  the  ray  kind ;  in  others  alfo^  as  m  cod,  falmoa, 
&c.  whofe  ikeleton  is  hone,  yet  this  part  is  cartilaginous. 

la  £ame  Hfii  this  organ  is  in  pait  vrkhm  the  cavity  of  the 
flcull,  or  that  cavity  which  alio  contains  the  brain,  as  in  the 
falmon;  cod,  &c.  the  cavity  of  the  fkull  proje£)ing  laterally^. 
and  forn»fDrg  a  cavity  there. 

The  organ  of  hearing  in  fi(h  appears  to  grow  in  (ize  with  the 
<ammal,  for  its  fiae  is  nearly  in  the  fame  j)roportion  with  the 
£ze  of  the  animal,  which  is  not  the  caie  with  the  quadruped,, 
&c.  the  organs  being  in  thena  nqariy  as  large  in  the  growing; 
foetus  as  in  the  adult. 

It  is  much  imore  iimple  in  &{h  than  in  all  thofe  ordiers  of 
animals '  who  may  be  reckoned  fuperior,  fnch  as  quadrupeds,, 
birds,  and  amphibious  animals,  but  there  is  a  regular  grada^ 
tion  from  the  firfl  to  .fiih. 

It  varies  in  different  orders  of  fifli ;  but  in  all  it  confifts  of 
three  curved  tubes,  all  of  which  unite  with  one  another ;. 
this  union  forms  in  fome  only  a  canal,  as  in  the  cod,  faU 
imon,  ling,  &c. ;  and  in  others,  a  pretty  large  cavity  as  in  the 
ray  kind.  In  the  jack  there  is  an  oblong  bag,  or  blind  procefs, 
which  is  an  addition  to  thofe  canals,,  and  which  eommunicate& 
wth  them  at  their  union.  In  tl^ie  cod,  &c.  this  union  of 
the  three  tubes  ftands  upon  an  oval  cavity,  and  in  the  jack 
there  are  two  of  thofe  cavities ;  thefe  additional  cavities  iit 
thefe  fifh  appear  to  anfwer  the  fame  purpofe  with  the  cavity^ 
in  the  ray  or  cartilaginous  fi(h,  which  is  the  union  of  tha 
three  canals. 

The  whole  Is  compofed  of  a  kind  of  cartilaginous  fubflance,. 
very  haru  or  firm  In  fome  parts,  and  which  In  fome  fifli  Is. 
cruftcd  over  with  a  thin  bony  lamella,  fo  as  not  to  allow 
them  to  colJapfe  ;  for  as  the  iHuU  does  not  form  any  part  of 
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thofe  canals  or  cavities  they  muft  be  compoied  of  fuch  fub- 
ftance  as  is  capable  of  keeping  its  form. 

Each  tube  defcribes  more  than  a  femi-circle.  This  refembles 
in  fom^  refpeft  what  we  find  in  moft  other  animals,  but  differs 
in  the  parts  being  diftinft  from  the  Ikull  *. 

Two  of  the  femi-circular  canals  are  fimilar  to  one  another, 
may  be  called  a  pair,  and  are  placed  perpendicularly;  the 
third  is  not  fo  long ;  in  fome  it  is  placed  horizontally,  uniting 
as  it  were  the  other  two  at  their  ends  or  terminations.  In  the 
ikait  it  is  fbmething  different,  being  only  united  to  one  of  the 
perpendiculars. 

The  two  perpendiculars  unite  at  one  part  in  one  canal,  by 
one  arm  of  each  uniting,  while  the  other  two  arms  or  horns 
have  no  connexion  with  each  other,  and  the  arms  of  the  hori- 
zontal unite  with  the  other  two  arms  of  the  perpendicular  near 
the  entrance  into  the  common  canal  or  cavity. 

Near  the  union  of  thofe  canals  into  the  common,  they  are 
fwelled  out  into  round  bags,  becoming  there  much  larger. 

In  the  ray  kind  they  all  terminate  in  one  cavity,  as  has  been 
obferved  ;  and  in  the  cod  they  terminate  in  one  canal,  which 
in  thefe  fiffi  is  placed  upon  the  additional  cavity  or  cavities.  In 
this  cavity  or  cavities  there  is  a  bone  or  bones.  In  fome  there 
are  two  bones ;  as  the  jack  has  two  cavities,  we  find  in  one 
of  thofe  cavities  two  bones,  and  in  the  other  only  one ;  in  the 
ray  there  is  only  a  chalky  fubftance  +. 

At  this  union  of  the  two  perpendiculars  in  fome  fifh  enters 
the  external  communication,  or  virhat  may  be  called  the  external 
meatus.  This  is  the  cafe  with  all  the  ray  kind,  the  external  orifice 

*  The  turtle  and  the  crocodile  have  a  ftru^turc  fomewhat  fimilar  to  this;  and 
the  intention  is  the  fame,  for  their  ikulU  make  no  part  of  the  organ. 
f  This  chalky  fubflance  is  alfo  itund  in  the  eari  of  amphibious  animals. 
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«if  which  is  fmall,  and  placed  on  the  upper  flat  furface  of  the 
kead ;  but  it  is  not  every  genus  or  fpecies  of  fiflx  that  has  the 
external  openuig.^ 

The  ner\res  of  the  ear  pais  outwards  from  the  braiii,  and 
appear  to  terminate  at  once  on  the  external  furface  of  the  fwel« 
ling  of  the  femi-circular  tubes  above  defcribed*  They  do  not 
appear  to  pafs  through  tho£e  tubes  fo  as  to  get  on  the  infide,  as. 
Is  fuppofed  to  be  the  cafe  in  quadrupeds;  I  (hould  therefore 
very  much  fufpeft,  that  the  lining  of  thole  tubes  in  the  qua- 
druped is  not  nerve,  but  a  kind  of  internal:  periofteum. 

As  it  is  evident  that  fifli  poflefs  the  organ  of  hearing,  it  be*- 
eomes  unnecelTary  to  make  or  relate  any  experiment  made  with 
live  fiffi  which  only  tends  to  prove  this  h&,  r  but  I  will  mention; 
one  experiment,  to  fhew  that  founds  afiefb  them  muchy  and  i& 
one  of  their  guards,  as  it  is  in  other  animals.  la  the  year 
1762,  when  I  was  in  Portugal,  I  obferved  i»a  noblemaa'a 
garden,  near  Liiboii,  a  fmall  fifli-pond,  fuH  of  different  kinds, 
of  fifli.  Its  bottom  was  level  witfe  the  ground-,  and  was  made 
by  forming  a  bank  all  round.  There  was  a  flirubbery  clofe  to- 
it.  Whilft  I  was  laying  on  the  bank,  obferviiig  the  fi(h  fwim- 
ming  about,  1  defired  a  gentleman,  who  was  with  me,  to 
take  a  loaded  gun,  and  go  behind  the  (hrubs  and  fire  it.  The 
reafbn  fbr  going  behind  the  flirubs  was,  that  there  might  not 
be  the  leaft  reflediou  of  light.  The  iixftant  the  report  was 
made,  the  fifh  appeared  to  be  all  of  one  mind,  for  they  vanifhed. 
i^iftaiitaneoufly  into  the  mud  at  the  bottom,  railing  as  it  were  a. 
cloud  of  mud.  In  about  five  minutes  after  they  began  tD> 
appear,  till  the  wliolc  came  forth  again. 
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XXIV.  Account  of  a  new  EleSlrometer.     By  Mr.  Abraham 
Brook ;  communicated  by  Sir  Jofeph  Banks,  Bixrt.  P.  R.  S. 


Read  May  3O9  1782. 

A  A  A  AN,  fig.  I .  reprefents  the  eleflrometer  in  full  fize  and 
proportion,  ftanding  on  a  table,  or  the  like.  The  foot  B  is  a 
fquare  piece  of  board,  9I  inches  each  way,  rcfting  on  three 
pins  C,  C,  c,  feen  at  the  under  fide  of  the  foot.  C,  C,  with  the 
broad  heads,  are  fcrews  to  fet  the  inftrument  upright  withal. 
D  is  a  folid  piece  of  glafs,  which  fupports  and  infulates  the 
ihftrunient  from  the  place  on  which  it  ftands.  The  arms  Gi 
and  gj  with  the^  ball  F,  turn  round  on  the  wire  H  (which  is 
folid  brafs,  as  may  be  alfo  the  arm  ^),  and,  when  in  ufe,  are 
put  near  at  a  right  angle  with  Gz  and  H,  being  turned  to  the 
off  fide  fo  as  to  be  as  much  as  poflible  out  of  each  other's  atmo- 
fpheres  or  the  atmofphere  of  a  jar,  battery,  prime  conduftor, 
&c.  The  arms  Gi  and  G2  are  hollow  tubes  of  copper,  not  fb 
heavy  as  wires.  The  balls  Ii,  I2,  are  made  of  copper,  and 
hollow,  fo  as  to  be  as  light  as  poflible,  K  reprefents  a  kind  of 
face  or  dial  plate  to  the  inftrument  with  its  index,  which  is  ear- 
ned once  round  by  the  motion  of  the  arm  G2  with  its  ball  I2 
moving  through  a  quarter,  or  90  degrees,  of  a  circle;  this 
motion  is  given  to  it  by  the  repulfive  power  of  the  charge,  &c. 
of  eleftricity  between  the  two  balls  I2  and  L.  The  ends  of 
the  irxdex  from  its  center  are  of  different  lengths.  The  longeft 
end  reaches  to  a  graduated  circle,  divided  into  90  equal  parts, 
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^nfwering  to/the  pso"",  whkh  the  araiGa  moves  through.  '^Fhe 
fhoitefl  end  reaches  to  a  fmaller  circle,  divided  into  60  equal 
parts^  anfwering  to  60  grs.  weight,  or  60  divlfions,  on  the  arn% 
G I ,  with  Its  Aiding  weight  m,  each  of  which  is  equal  to  one 
grain,  and  the  whole  face  is  covered  with  a  watch  glafs,  to 
prevent  the  clefitricity  from  flying  off  at  the  points. 

The  top  cf  the  glafs-fupporter,  or  infulator  D,  is  cemented 
into  a  brais  cap  M.  This  cap  enters  the  ball  L  at  bottom,  and 
icrews  into  the  upper  part  of  the  ball  JL  at  a.  The  top  part 
of  this  cap  M  is  tapered  o£F  to  a  cone  about  an  inch  and  a  half 
long  or  high.  The  lower  end  of  the  wire  H  has  a  hole'  made 
conically  into  it,  fa  as  to  receive  the  tipper  part,  or  conical  end^ 
of  the  cap  M^  which  permits  all  the  upper  part  of  the  eledro- 
meter  to  turn  round  any  way  that  may  be  neceflary.  The  kind 
of  ferrel  O,  with  its  bafe,  is  perforated  for  the  lower  end  of 
the  wire  H  to  go  through.  The  bent  arm  i^  which  fupports 
the  cup  N,  is  fcrewed  into  the  bafe  of  the  ferrel  O,  and  turns 
freely  round  upontfa^  wire  H.  The  cup  N  is  to  receive  the 
ball  P  of  the  arm,  fig.  9.  This  arm  Shortens  or  lengthens,  as 
may  be  wanted,  by  a  wire  Aiding  into  a  tube.  The  end  of  the 
wire  is  flit,  forming  a  fpring  in  the  tube  to  be  fteady.  In  this 
arm,  fig.  9.  is  a  kind  of  rule  joint  at  ^,  that  the  arm  may  give 
way  eafily  if  wanted.  The  femi-circular  end  of  the  arm  is  a 
fpring,  and  flips  on  to  a  ball  from  the  prime-conduftor,  or  the 
condudor  itfelf  (if  they  fit),  jar,  or  battery.  The  ends  of  it 
are  flat  and  broad,  as  reprefented  in  the  drawing  in  miniature, 
of  the  eleftrometer  at  fig.  2.  in  the  other  drawing. 

Fig.  2.  to  II.  fhews  the  internal  flruAure  of  the  ele<5ro- 
meter. 

Fig.  1 2.  fliews  the  part  at  z  that  fcrews  into  the  ball  F,  to 
fupport  the  arm  g  with  its  ball  r.     This  piece,  which  is  made 
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hollow  on  the  fide  next  the  wire  H,  lb  as  to  fit^  and  is  fcrewed: 
in,  fo  as  to  prefs  againfl  H,  ferves  as  a  fpring  ta  keep  the  balL 
F  fteady,  which  Aides  up  and  down,  as.weU  as  turns  round,, 
on  H. 

In  order  to  make  the  divifions  of  Gi,  fig.  i*.  exaftly  a  grain*. 
each,  firft  Aide  the  weight  m  towards  the  ball  F,  fig.  i^till:  it 
is  an  exaft  counter-balance  to  the  weight  in  F-  At  one  end  of 
the  weight  m  let  the  divifions  begin  ;  then  fufpend  any  tolerable 
pair  of  fcales,  fo  that  the  bottom  of  one  of  them  may  reft  oa 
the  top  of  the  ball  r ;  then  lay  the  ball  It  into  die  fcale,  and> 
Aide  the  weight /ti  near  to  Li,  and  put  as  .many  grains  into  the 
other  fcale  as  will  juft  raife  the  ball  Ii  in  the  fcale;-  then  mark 
the  arm  Gi  at  the  fame  end  of  the  weight  «,.  and  divide  tho 
fpace  between-  the  two  marks  into  as  many  parts  as  there  are 
grains  in  the  fcale,,  which  may  be  divided,  and  fub-dividcd  inta 
halves  and  quarters. 

The  arm  G2  being  repelled  fliews  when  the  charge  is  in-^ 
crcafing,  &c.  j  and  Ii  tella  what  fucli  a  rcpulfive  power  is 
between  two  balls  of  the  fize  of  thefe  in  grains,  according  to 
the  number  the  weiglit  /»  refts  at  when  lifted  up  by  the.repul- 
five  power  of  a  charge.,  Thelongeftend  of  the  index  K  (hews 
ho»v  many  degrees  of  a.  circle  Gz  is  repelled  ;•  and^ .  by  many 
trials,  according  to  the  number  of  grains,  the  arm  Gi  (hews/ 
when  it  is  lifted  up,  and  the  weight  m  put  at  different  places^ 
fuch  refpeftive  numbers  of  grains. may  be,  marked  on  theleail 
graduated  cijck  on  the  dial  plate  where  the  (horteft  endt)f  the 
index  points ;  fo  that  when,all  the  grains  are  thus  marked  on  the 
dial  plate,  thus  afcertained  by  the  arm  Gi ,  all  thefe part«  of  the 
inftrument,  that  is,  the  ball  F  with  the  arms  Gi  andg  may 
be  taken  off,  and  the  inftrument  is  then  graduated  to  be  ufcd 
without  them ;  but  I  do  not  know  how  the  grains  can  be  fo 
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exactly  marked  and  afcertainued  as  by  thefe  parts  being  on 
the  inftniment:  nor  do  I  mean  to  confine  the  number  of 
grains  or  divifibns  on  Gi ;  but,  I  think,  my  experience  feems 
to  tell  me,  that  no  glafs  to  be  charged^  as  we  call  it,  with  elec- 
tricity, will  bear  a  greater  charge  than  that  whofe  repulfive 
force,  between  two  balls  of  this  fize,  equals  60  grains  weight, 
before  it  will  be  perforated  orftruck  through.  Nay,  1  have  not 
found  many  inflances  where  it  would  ftand  50  grains  ;  and,  ] 
think,  it  is  very  hazardous  to  go  more  than  45  grains. 

Thus,  by  knowing  the  quantity  of  coated  furface,  and  the 
diameter  of  the  baits,  as  Ii  and  r,  I  would  fay,  fo  much  or  fb 
much  coated  furface  charged  to  fo  many  or  fo  many  grains 
xepulfion  between  two  balls  of  fuch  or  fuch  a  fize  would  melt 
a  wire  of  this  or  that  iize,  or  do  fuch  a  thing,  kill  fuch  an 
animal,  &c. ;  and  if  balls,  wires,  or  arms  of  this  fize,  are 
found  too  fniall,  larger  may  be  made  on  the  fame  plan. 

In  refpeft  to  the  advantages  of  this  eleftrometer  above  thoji 
now  in  ufCj  I  do  not,  perhaps,  know  them  all ;  and  left 
my  partiality  may  prejudice  me  in  behalf  of  my  own  con- 
trivance, would  rather  leave  them  to  the  judgement  of 
otliers;  my  opinion  however  is,  that  all  that  1  have  fecn 
or  heard  of  are  fuch  as  fpeak  no  intelligible  language, 
and  that  this  fpeaks  fo  as  to  be  underftood  univerfally; 
for,  unlefs  the  repulfive  power  of  the  charge  of  different 
glafies  be  very  different,  this  eledrometer,  or  any  other  elec- 
trometer, made  affer  this  manner,  muft,  I  (hould  think,  fpeak 
very  nearly  the  fame  language,  it  being  known  how  much  coated 
furfiice  there  is,  and  the  fize  of  the  balls  ;  but  if  the  fize  of  the 
balls  be  not  the  fame,  the  language  the  inftrument  fpeaks  will 
be  very  different.     Although  other  Elciflrometcrs   (hewed   a 

E  e  e  2  greater 


greater  or  lefler  charge  or  power,  by  an  arm  being  repelled  to  a 
greater  or  lefler  diftance,  or  by  ftriking  dififerently  at  difierent 
diftances,  yet  the  power  of  the  charge  was  not  in  any  manner 
afcertained  ;  we  could  fay,  that  the  arm  or  index  was  repelled 
to  fuch  or  fuch  a  number  of  degrees  of  a  circle,  or  that  it 
ftruck  to  fuch  or  fuch  a  diftance ;  but  the  repuliive  power  of  a 
charge  to  repel  the  index  fo  much,  or  fo  many  degrees  of  a 
circle,  or  the  ftrength  of  the  charge  to  firike  to  fnch  a  dif- 
tance  was  not  (that  I  know  of)  in  any  manner  intelligibly 
afcertained.  This  (hews  it  by  the  weight  that  the  repuliive 
power  has  to  lift  up  in  grains,  &c.;  which  weight  is  to 
be  proved  by  any  tolerable  pair  of  fcales  and  weights )  and  i 
do  not  know  any  other  method  that  has  been  yet  tried  to  (hew 
the  different  ftrength  of  charges  £6  good  as  that  of  repulfion. 

All  the  neceflary  parts  of  the  hiftrument  being  made  of 
metal  and  glafs  that  is  pretty  ftout,  I  think,  the  elefbicity 
is  lefs  liable  to  efcape  than  by  wood,  &c.  I  have  tried 
reeds  on  account  of  their  being  light,  and  covered  them 
wiBi  tin-foil,  or  gilded  them  tx>  make  them  good  conductors ; 
but  fo  frequently  -  found  inconveniencies  from  them  by  points 
riiing  up,  the  celerity  of  moving,  and  the  different  weight  of 
them  at  different  times  owing  to  moifture,  change  of  the  wea- 
ther, and  the  like,  that  I  have  laid  them  all  afide,  and  find  my 
prefent  inflrument  as  free  from  thefe  inconveniencies  as  I  could 
cxpedl ;  nor  is  it  liable  to  be  out  of  order,  if  proper  care  is  taken 
of  it. 
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XXV.  A  new  Method  of  invejigating  the  Sums  of  infinite  Series^ 
By  the  Rev.  S.  V I N  C  E,  J.  M.  of  Cambridge,  in  a- 
Letter  to  Henry  M2ity^  ji.  M.  Secretary. 


Read  June  6,  i  jSz. 


SIR, 


HAVING  lately  difcovered  fome  very  eaiy  methods  of 
inveftigating  the  ilims  of  certain  infinite  feries,  I  have 
taken  the  liberty  of  requefting  the  ^vour  of  you  to  pre&nt 
them  to  the  Royal  Society.  I  have  divided  the  fubjeft  into 
three  parts :  the  firft  contains  a  new  and  general  method  of 
finding  the  fum  of  thofe  feries  which  de  moivre  hais  found  in 
one  or  two  particular  cafes ;  but  whofe  method^  although  it  be 
in  appearance  general,  will,  upon  trial,  be  found  to  be  abfb- 
lutely  imprafticable.  The  fecond  contains  the  fummation  of 
certain  feries,  the  laft  differences  of  whoie  numerators  become 
equal  to  nothing.  The  third  contains  ob&rvations  on  a  cor^ 
region  which  is  neceflary  in  invefligating  the  fums  of  certain 
ieries  by  colleding  two  terms  into  one,  witli  its'  application  ta^ 
a.  variety  of  cafes. 


I  am,  &C. 


*   • 


Cambridge^ 
May  3,  178a.. 
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PART       I. 


9^         ^^ 


k 


L    E    M      I. 

lAt  r  be  any  whole  number^   and  then  the  fluent  of 


i+* 


can  always  be  exhibited  by  circular  arcs  and  logarithms  \  but 
when  x^i^  thefluent-^qf  the  fame  fluxiofi  will  be  exprejfed  by  the 

infinite  feries  i f- +  —^  -  ~-  +  &c.  the  fum  of  this  feries 

therefore  can  always  be  found  by  circular  arcs  and  logarithms. 


L    E    M.      11. 


et'-^b 


'  To  find  the  fum  of  the  infinite  feries  — =^  -  '         '  '  ■>■■  + 


SSSSS9— ^SSAV  —  OCC« 


Affume    I 


'  +  ' 


(A)  I- 


r+1'     2r+ I       3*^+1 


+  &c.  .  =  S ;    therefore, 


"4*  ObC*  ••••*•  d* 


I.r+l       r+I.2r+I       2r+l.3''+i 

In  the  firft  feries,  add  together  the  ift  and  2d,  the  2d  and  3d, 
&c.  &c.  terms,  and  the  refulting  feries  wiH  evidently  be  equal 
to  twice  that  feries  minus  the  firft  term  ^  therefore. 


(B), 


=  4 


l.r  +  l       r-hl.l'-+l       2/ +  1.3'^+ I 

X  t 


—  &CC.  •  .  .   =:  2S-I. 


2-f- 


\r^  r        I.r+l       r+i.2r+l       2r-i-l-3»  +  l  r 


t)r 


r-hl  •  ir-h  I       2r+  I  .  3'  +  I 

X 

r 

r      i.r4-i       r+I  .  iT+T 


^  —  ••      "  ■ K  +  a: 


+  &C.  .  .  . 


*    oCC*  t  •  • 


s 

>  =  -; 

r 


Now 
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Now  the  liim  of  the  lower  fcries,  omitting  the  firft  term,  is 

^ual  to  -B  divided  by  r%  or  = j— ;  hence,  by  tranfpo- 

fiticm^  and,  multiplying  both  fides  by^,  we  (hall  have, 

—  +&c...^  — — h — — i ;    alio  by 

multiplying  B  by  -  we  have 


aj  S-tf 


+ ,..==,-1,,^  -.&c. . . .  ^l^^Z^  ;   fubtraa. 

I.r+I      r+I.2r4-i       2r+i.3r+i  ^ 

the  laft  equation   but  one  from  the  laft,    and  we  fliall  have 


I.r-hl     r+l.2r-fi     ar+I.3r+i 

Cor.  I.  Hence  it  appears^  that  the  fum  of  this  feries  C5i> 
never  be  exhibited  iii  finite  terms,  except  /i :  i  as  r  +  2  :  2r,  in 

which  cafe  the  fum  is  equal  to  '-^^^' 
Hence,if<7-3,^  =  2,thenr=  i  ;..-._i---i_+-2__&c....  =  i ;; 

Cor  2.  Put  tf  =  r  -  ^,  and  we  (hall  have,  after. tranfpofitioQ, 

■^  OCC*  •  •  •    — '    '    ■'      ■  X.  TT*— — 


E    R    OP.      I. 

To    /{■«</    tie  fum    of   the    infinite  feries    — .=.-=^=  + 
^+^ .  -,  ^"*'^"  +  &c- 


^'  +  I  •  3''+  *  •  4'''i" ^      4'^+  I  •  5''+  i  .  6r+  I 

Every. 


jg^%  .  -  lir^rvtYiCl^^m^  Method (f    : 

Byery  feiies  of  this  kiud  niay  be  refolved  into  the  fbl^wing 
lerids     '   mil  —  :.;.i.- — -■ .. .  +  •■-  jfa^ — 1.»    ■•  —  =<=c=-~^^«=5=  +  o(c   tor 

if  we  reduce  Ctvo  terms  of  JtHU  f§ries.  mtQ  orie»,  ifc  ^^411  becoaje 

2^r—^  3^tf4-2r— I.^  2''^  +  4'— I.*  ,       j»-_ 


■*^'*  <^4r^i=g' 


I  .  r+  I  .  2/-  +  I       2/^  +  1  .  3''-hi  .  4'^+  I      4r+  t  .  5r+  *  .  6r+ i 

where  the  denominators  behig  the  fame  as  in  the  given  feries, 
and  the  numerators  alfo  in  arithmetic  progreflion,  we  have 
only  to  take  a  and  6  fuch  <j»atttitie»  thait  the  refpe^iv^  nu- 
merators may.  be  alfo  equal;   alTume,  therefore,  zra^b^m^ 

^r<i  +  2r— I  .  ^=»i  +  «;  therefore,   ^=— ,  js=- ^-^    which 

2r  4r 

fubftituted  for  tf  and  ^  I n  lem-  i.  gives 

I.r+I.2r+I       5br+i  .  3r+i  .  4r+i       4r-f  1  .  jfr+i  .6r+i 


•-«^ai#«k«*iM 


arm— r+l  .  n  ^  o   ,  a^+i  •  n—2rm 

■    ,  A    O  -J-  ■       , 

Let  r=  I,  and  we  have 


.+  i:!±2-  +  ^+i^+&c....  =:>,/-«.  s+5i5:=^- 


I-2-3     3-4-5     S-6.7  4 

Ifm=i,«  =  3,  — i--+-^  +  — ^— +&c....='  --2S; 

^1.2.3      3-4-S      S-c»,7  4 

/»:=  I   «=:o,  — —  +T 3  +  7— r^  +  ^c*  •  •  •  ='S""r* 

'  '  1.2.3      3 • 4-  5      S • 6- 7  ^ 

Let  r  =*  2,  and  the  fcries  becomes 


<;.7.Q     Q-ii.  13  a6  32 


i.F-S  '  5-79     9-"-^3 

»-3-S      5-7 -9      9-  1*  -^3  10     32 

^•3'S     5-7-9     9-  »i -'3  4     » 

Let  r  =s  5,  and  we  (hall  have 


1.6.11     11.16. ai^sri. 26.31  t«j-  500 

If 
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I  *  .  »  .    •  81 

i.D.ii  ^ii«  lo.ai^ai  .26.31  25     50 

Cor.  If  zr  :  r+ 1  ::n  :  m.  the  fum  of  the  feries  can  be  ac« 
comuHj  fo/aody  and  will  be  equal  to  — »—-•  Let  therefore 
m = r 4*  I,  and  then  »=  2^*,  confequently 


a  •I'  — —    'J a  4*  0te»  >  >  »    C — ; 


which  is  alio  known  &om  other  prindples. 

PROP.    n. 

T.  Jini  tb^Mrf  the  mfimfeferus  — -^J^-^^+: 


This  ieries  reiolves  itfelf  into 


'+*  .         r+a*         _^^^. 


r+l.ar+I      2r+l*y+I      3''+*«4^+l 

for  by  reduction,  as  before,  it  becomes 


2rr— r+l.*         ,  a«^+r— I.*         ,         1^+3^—1.*         .    ^ 

— -■ ■«  +  ■     .        ^  '     ,      +  O^C> 


r  +  I  .  ar+ 1 .  sr+ 1      3»-  +  i  .  4r+  I .  ^r-^  i      5r+  1 .  6r+ 1 .  7r+ 1 

where  the  denominators  are  the  fame  as  in  the  g^ven  feries,  and 
the  numerators  in  arithmetic  progreflion;    aflume  therefore 


2cr-r+i*^=^»    acr+r— i  .^  ss  »  +  ^f    hence  b  zs — 

zr 


^^arw-i-yi  .^^  wbicht  fut^tuted  in  cor.  %.  lbm.  a.  give 


«+«  .  w+S" 


r+i.ar-H  ♦3»'+x     3^+1 .4r+i  .5r  +  i     5r+i .  Sr+T.pr  +  i 
= Si *5+ Jh! +-_y_-_. 
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2^4,  -Wr*  viNCE*8  new  Method  of 

Gor,  I .  In  prop,  i .  fiibftitute  a  for  «,  and  a*  for  «,  and  we  have 

I  ./  +  r.  2'  +  i      2r+i..3r+i  .4r+i      4r+ I  •3''+'^  •*''+* 

Alfo  in  this  prpp.  fubflitute  a  -M  for  w,  and  2!*  for  /7,  and  we  have^ 


r+l  .  2r+l  .3r+l       3r+i  •4r+l  •5''+ I 
r^  ^  ar^  2r*xr+i 

Subtra£l  this  latter  feries  from  the  former;  anJ 

■  ■■  — ^^  — = ■  ■       ,  ■.      ■■•■  +p=±i — ===— s===— OtC.  .  ..— 

I  .  r+  I  .  2/  +  I       r+  I  .  2r+  i  .  3^+1       zr-^  I  .  3''+  i  •  4^  +  ^ 

2rtf^r-Li  .2^       o   ,  2'  +  I  •h^ra        ra+2h 


xS  + 


-;  r*  r*  *2r*xr-f  I 

Let  r  =  r,  and  we  have 

i.a.3     2.3'4     3*4'S  4- 

jaa      i,f     "»i.a.3.    2.3.4.73.4.5  4 

a=  I,  ^=  2,— i-  -- ^~  +— ±:_  A&c. . . .  =^-68.. 
*  '  J.a.3      2.3.^     3-4.,S.  4 

Let  r=:3,  and  we  have 

1.4.7      4-7 -^o      7«*o-i3  1  ^J  *'" 

•   '         ^'1.4.7     4.7.10      7.10.13.    **  9         7a' 

'  '1.4-7      4-7 • 10      7  •10*13  54.    ^7 

If,  hiftead  of  fuhftjtutiog  in  prop.  i\  7^  aiid  a  iot.n  and  m^ 
we  had  fubftituted  two  other  quantities,  as  2r  and  j,  and  then 
proceeded  as  above,,  a  feries  would  ;have  been  formed,  the  nu- 
merators of  whofe  alternate  terms  would  have  formed  each  a 
a  feparate  arithmetic progreffion*- 


■-1 
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If  the  latter  feries  had  been  added  to  the  former  a  feries 
ivould  have  been  formed  whafe  terms  would  have  been  all  po- 
fitivc ;  but  as  I  purpofe,  in  the  fecond  part  of  this  paper,  to 
^V0  a:genefal  n^hod  of  fmhmkig  ail  fuch  feries,  I  i(hall  not 
ftop  here  to  apply  this  miethod  of  inveftigatioiu 

Cor.  z.  In  propofition  2.  fubftityte  a  iot  m^  .and  zb  for 
n^  and  we  (hall  have 


I  i  »    • 


+  &C.  •  .  .    = 


2'  +  I  •b  —  ra      Q      ra— 3r+  i  .  ^  ,  ^tf— r— i  .  ^ 

X  u  -J- ^      .     - 


*    .^ 


Alfb  in  prop,  i .  write  ^  —  ^  for  /w,  and  2b  for  «,  and  there  refults 

2r+i  ,  3r+l  .4r+x       4r+ I  .5r+i  .br^-  I 


ra— 2r+i.^      ^       •.4.1.^  — rtf  fl— i 


^r^  r+ 1 .  2r  + 1 

Subtradt  this  latter  feries  from  the  former,  arid  we  (hall  have 


r+i  .  2r+I  .  3r+i      2r-i^l  .  3r-|-i  .4r+i     y+t  .  4r+ I  .5r  +  i 


— &c.  ••• 


ar».r+l    ^r+i.2r4-I 


PROP.      III. 


To  find  the  fum  of  the  infinite  feries 


I  .r  +  i  .  2r+i  .  3r4-i 


2r  +  i  .3r  +  i.4r+l.5r-|'  I      4r4.i  .5r+i  .  6r+ i .  7r+i 

This  feries  refolves  itfelf  into 

a  a+b  ,  a-^-lb 


-&C 


I  .r+i  .  ar+i      r+i  •ar+i,3r+i      ar+ 1  •  3r+l  •  4r  +  l 

for  by  redu&ion  it  becomes 

Fff2  3rj-* 
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4^+*  •5''  +  '  •t)r+i .  7r-f  I 

where  the  Qumeratora  are  m  aridunetic  progreflion^  and  thr 
denominators  the  iame  as  in  the  given  ieiies ;  aflame  therefore 

ya-^b^mfya-^v-  J^-  l>=m+n^   hence  b^  *   ^g^irl^j^^ 

fubftitute  thefe  values  into  cor.    i.  prop.   a.  and   we  have 

I.r+I.a  +1. 3^4-1      ar+i.jr+i  .4r+i  .fr  +  i 


Let  rs=  I9  and  we  have 

i.a.3-4"*"3-4-5-6"*^S.6,7.$'**^ ~T^  "^  ^^-13 

Let  rrs  2,  and  we  have 

if«=i,.=3.773fjr7+r7^+rrrV7s+*"-*5ra--TS' 


I  1  I  r        f 

^•3'5«2     S'7'9'**     9'"'»3'iS  la       j8 

111=19, »=  16.       a'^c    7'+c    7^0    ii'^'o    i»^»    T'r-'^''^-  -♦•  =  -S» 

*«3*5*7     5'7*9*»*     9'***'3-i5  4 

Cor.  If  « : «  as  4r :  3r  +  3,  the  fum  of  the  feries  can  be  accu- 
rately had ;  let  therefore  a  »  4r  and  «i »  jr + a,  and  weihall  have 
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If  r=i, 


f  s2,  4r*^ — ^— ^+         '         ■    +&C,  •••  =:-^f 

'•3-S«7     S-7-9-"     9-"-»3^S  0 

'   1.7.13.19      i3'»*'aS-3*  ^5*3**37'43  33 


PROP-      IV. 

7(1  fiidtBefum  cf  the  infinite  feries 

^  ^         ^  ^         ^  r  +  l  .ar+i  .y+i  .4r+i 


3r+i  •4r<f  I  •5r+i  .6r+i      y+i .  ^r-fi  •  7r-f  i  •  8r4- i 


This  feries  refolves  itfelf  into 


— ^ 


a«  — &€•• 


r+ 1  .  ar+ 1 .  3r+ 1      ar+ 1  •  3r-t- 1  •  4^+  «      3>^+ 1  •  4»'+  *  •  5*'+  * 

for    by     redudion     it     becomes     1    m    3>^^-^-*-'* 

^1SJE^L*^_.  + r."*"^^-*. +  &c  where 


3r+7.4r+i  .Sr.+  i  •6r+i      fr+i  .6r+iT7r-f  I  .JJr+l 

the  denominators  are  the  fame  as  in  the  given  feries^  and 
the  numerators  alio  in  arithmetic  progreiiion ;  put  therefore 

jTtf  — r  +  i  •  ^=:0y^   jrii+jr^T.  ^  =  i»  +»,    hence    ^  =  — ,. 
^_^£m+r+ij^^  ^]^ich,    fubftituted  in  cor.  2.  prop.   2.  give 


r+i.2r+l.y+i.4rH-i      3r+ J  .4r+i  .Sr-f  I  .Or+l 


br*  ^  or*  ^  I2.r3.r+i  ^iaf*.r+l.ar+.l. 

•  Vide  Di  MOiTEB't  Mif.  Anal.  pag.  1 34. 

Cor* 
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Cor.  i .  In  prop.  3-  write  a  Sox  m  and  zb  for  «,  and  we  haw 


«  *- 


+    I     J  7)  I  +  &C.  .•.:=: 


Alfo  in  this  prop,  write  ^ +  ^  for  m,  and  zb  for  ;/,  and  weliavc 

^+^        +        "-^^        '+&c: . . .  = 

r+  I  .  2r+l  .  3r+  i  .  4r+i       3^+1.  4r+  l  •  5r+  i  .  6r-f-I 

3r+2  .  h  —  2ra      q  ,  ra-^y+i  .  ^        rg-j^3  3r^i  +  ^ 
--— X  ^+    ■  ■     ^4 +  .  ,    *  .  _  +n^ — ^T=r^ 


3^*  3*^  6r3  ,  r+ 1       6r*  .  r+  I  .  2r+ 1 

liibtraft   this  latter   feries   from    the   former,    and   we   have 

T^  C^v«4   •  •   •    •-• 


I  .  r+l  .  ar+i  .  3r+l       r-j-i  .  2r+  i  .  Ar-h  I  •  4rrhJ 

4rtf— 3r+2.2^      ^      3r+i.2A— 2r<2        ^+t^        -  -   .    2ra'^k 

^^  X  o  +  ■  ^       ■■  —         5.  —  ---—5== — — ~  . 

Let  r  =  I  i  and  we  have 

r—TT: — : — :  +  r — n-— fcc. .  .etTT   »    ■  xS+  x — s__« 


1.2.3.4    av3.4-J    3-4-S.6  3  36 

tf^=».»=:e.— i-l^  .,  -  '     i;_lLi--8cc....  =  ts-i. 
.-        *«.a«3-4-  a-3.4-5     3-4.5-6  .    .3        9* 

a-r-r.trti.-      ' '        I  "   '  fa       -   -Is    i? 

3.'-i.,.2.4      a. 3.5  +  3.4.6     *" jS-i6- 

•  •  • 

^t  '^  =  3»  and  we  have  • 

1^4.7.10    4.  7- 10.  i^T";.  10. 13.16"       ';~      :i43  3 .  81  .  5b 

If «=!,*= I, — ? — ^-1-i ■'     3  '  \;  "_  871     10  c 

1.4.7.10  4.7..10..13    7. ID. 13. 16  3.81.56   3iSi  * 

-f4.*=3.rib5-4-ri^+rnFi6-'''^----=7-f-^«- 

™  .*•  .^^^  -.  ^  as  3r  +  J  :  2ry  the  fum  of  the  feries  can  be  ac- 
cumteiy  found ;  take  .*.  tf  =  ^r  .|.  2,-artd  i  =  zr,. znd  we  fliall  have 
3>'+8       ^       '  •    sr+2         '      .  .  1 

»«r+l.2r+i.3r-j-i     r+i .  2r+ 1 .3r+i  .4r  +  j  r+Tlj^+i' 

If 
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« 

"'^      «»  1.2.3.4     2.3.4.5^3.4.5*6     °^^""-  6o* 


r=2, 


? 3 .  4 


r    ■  ^^V*     •     •     •       —   ^~    f 


''I-3-5-7      3-5-7-9    •S-7-9'^*  **•*       15 

•^^I.4.  7^10    4.7%  lO**  13'    7  ;  io.-i3«  16     ^^^•••-      28 


P    R    O    P.      V- 


Tofndibefum  of  tie  infimte  ferits —  .     ^ 

I  •  T  "T"  X  •  Q,T  ^  I  • 


3fT+I  .4r+i 


»»  +  «  ,  ■       fn+2n     ,  ,        ,  ,^^ 


2r+l.3r+i,4r+i.5r+i,5r+i  •  4r  +  4.5r+i  •6r+ i.yr+i  .Sri- 1 


I 


^his     feaes    refolves    kfelf   iritty    -^-a 


r  I  .r+I  .2r+l  ,3r+l 

+  -  ■>  ■  -.  "&C..;     for 


by  fcdtiftioiv  this  feries^  becomes  — 4rg~  

'  '    1  .r'i-l  .  2r4- 1  .  3r-f  1  .4r+i 


2r+i.3r+l.4r+i.5r+i.6r4-i     4r+  i  .5r+l -br+i  .7r+  i-8r+  i 

wheFC  the  numerators  are  in  arithmetic  progreffion,  and-  the 
denominators  the  fame  as  in  the  given  feries ;  aflbme  therefore 

jLta'^ b -mUra  +  Zr^  .3  =  m  +  n,    hence   fi  =r '   a  =  — t5, 

which   valuea   being    fubftituted    in   con.  i*    ^rop.    4.  give 

—   *  iff+ii 


I. r+I. 2r4-i.3r+  1.4^4-1     2»^+ i  •S^'+i -4^+ 1  •5''+» -^r+.i 
ariw— 2r+  I  •  n  4* -r  *  ■  »  ""^''^!'„     6rw4^9«  arw+w 

•Let  r  =  i ,  arid^  we  have  . 

»«  .       «  +  «       .'     m-^in      .  ..:  2«-j»  2?»-i6« 

1-2-3-4.S    3-4-5-0'7     5'6.7.8«9  <»  7» 


jj.^3  Mr,  yjNC«*s  new  Method  of 

I  I  I  ,  ,  '  e        • 

^^='>'=°'i.>.3.4-5'*'3-4.5.e>.7-^5.e>.7.a.9^''''  *  *•>=  J**  9' 

I^t    r=2.    and    we    have    ^ ^ [ SLill 4.' 

XAL    r--6,     -»i  I.3-S-7-9     S*7-9*»-«3 

*^«='»«==^»i.3.5.7.9*S-7'9*«*U   9- » » •  *3- »S-i7         '^     ^♦•30* 

I  ^  ,  '  ,fc^     ^i-       7 

*»=3.«-V^  .5 .  7  .95 -9*  i^*  »3    9  •  ^3-  *J  •  '7        '*'    55^  a4*6o* 

Cor-  If  « :  w  as  2r :  ir  + 1,  the  fum  of  the  ferics  can  be  acca* 
.i^rA^  ioMTiA  1  affume  therefore  «=  zr^  m:r  2r+ 1.  and  wc  hajrc 


3i— i4>fcfc«.« 


i.r+i.3r+i»4^+«    ar+4.3r+i,5r+ i.6r+l  6.r,r+i,ar-ri 

'^     3' 1.4.10. 13^  7. 10. 16. 19^  13, 16. aa. 25^  504 

Having  thus  far  explained  the  method  of  fttmmatioa 
of  fuch  feries  as  I  propofed  to  treat  of  in  the  firft  part  of 
this  paper,  I  truft  it  is  not  neceffary  to  fey  any  thing  fur* 
ther,  as  the  fame  method  of  proceeding  will  mauifisftly  coii- 
tinue  the  feries  to  any  propofed  number  of  -£i41(m:s  in  the  deno- 
minator; I  ihall  therefore  conclude  with  pointing  out  a  re- 
markable property  of  thofe  feries  whoie  fum  can  be  accurately 
found:  that  when  the  number  of  fa£):ors  in^the  denominator 
is  rucn^  the  numerator  is  always  equal  to  the  fum  of  the  two 
5  middle 
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middle  hStoTS ;  and  when  th^  number  of  fadlors  be  ^dJ^  the 
numerator  will  be  eqqal  to  the  middle  fadlor,  and  confequently 
will  take  it  out  ot  the  ^deno.miaator,  and  leave  a  feries  whofe 
numerators  a«4ifii^9  «nd  whoie  deciGmiiKitor&  waut  the  mid- 
dle fadlor.      '        •  .   . 

The  method  of  fummation  of  Series  hens  made  ufe  of  may 
alfb  be  applied  in  mveftigating  the  iiims  of  a  great  variety  of 
other  feries ;  but  as  a  further  application  of  this  method  would 
carrjT  us  beyond  the  limits  to  which  this  paper  muft  be  co^* 
fined*  I  (hall  xe-affume  the  fubjedl  at  fome  future  opportunity, 
and  proceed  immediately  to  the  fecon.d  part. 


«       • 


•  .0    9 


PART      IL 


PROP. 


42^  fnd  the  fitm  of  fht  it^ite  ferUs 


^mKi  ff  ike  nttmriffon  hecmm  equal  to  nothing. 


9  •  ii"t*ai  •  •  •  •  •  w  +  rjw 

+^€«  vJbesf  the  lafi^d^^ 


Aflume  a^fib^n  .n^m  .  c-^-n  .  m+m  .  n  +  zm  .  J+icc.  to 

»  <        . 

any  number  (r)  of  terms }  then,  if  for  n  we  write  fi+m^n+  a«, 

n + 3^,  &c.  fucceilively,  there  will  refuk  a  ief  ies  of  quantities 

Vol.  LXXn.  G  g  g  whofe 


4ot  Mr.  vince'8  new  Method  of 

whofe  rth  difference  is  =  o  ;  fubftitute,  therefore,  this  feries  of 
quantities  for/,  y,x,&c,  refpeftively ,  and  the  given  feries  becomes 

H =: r      '  '    + 


n.if-f  m. .  •  .ir+r/«  n+m...  ••  n+r+i  •)» 


-    '      ■        ■       ■  ■  I  +OfcC« 

ii  +  2OT  .  •  .  .  ii-|-r+2  .  m 

which  manifeftly  refblves  itfelf  into  the  following  feries- 

a  a  a 


h  h  h 

Jf-f-OT.  . . .  ii-|-r/n     «  +  2»i.  • .  •  «  +  r-f-i  .  m     n-^-yn  • .  .  •  » +  r+a  .  ffi 


&c.  -.  '      -fcc;'^-*' &c. 

where  the  number  of  feries  is  r,  the  fum  of  each  of  which  being 

taken  by  a  well  known  rule,  the  fum  of  the  given  feries  becomes. 

h 

I  I 


+&c* 


where  the  law  of  continuation  is  manifeft^ 


CASE  X.    To  find  the  ftm  of  tbe  Jt^nUe  feries  2_.  4. 

x*«*3*4 
a.3-4-S      3-4-S-^      4-5-0-7    . 

Here  »=  i,  ^=  x,  ^=3>  and  the  third  icfifferences  becooxe 
=  oi.thereforcij+^  +  2r^3,^  +  z34.6r  =  6,^  +  3A+i2c=:io, 
confequently  tf  =  i,  *=  i,  c=:  f ,  and  therefore  the  fimi fought 

CASE 


9        -:. 


» 

invejiigating  tbe  Sums  of  inJimU  Series.  403 


,  CASE  2.    To  find  the  fum  of  the  infinite  feries  '^    + 


«-3       .        3-4 


+  —AJJ—.+SCC. 


3- 5-7 -9     5-7.9- " 

In  this  cafe  «=3i,/w  =  2,  r=:3,  and  the  3d  differences  become 
=  0;  therefore <j+ ^  +  3^=2,^  +  33+  15^=  6, tf +  53  +  35c=:i2, 
confequently  iJ=i,  ^=i,  ^=J,  and  hence  the  fum  of  the  re* 

quired  feries  b«c«nfc8  ^,^J^^^^^^^^:^;^^  =  ±. ; 

•  .  ■  ■  >  • 

'  t  .    ; 

CASE  3.  To  find  the  fum  of  the  infimte  feries 1^— + 

Here  «  =  3,  «i  =  ii^=5,  and  the  4th  differences  become  ^  o ; 
therefore  11  +  3^+12^  +  60^=  i,  tf +  4^+20  r  +  i2orf=2f 
tf +  5i  +  30C-f-2£o^/=4,  tf +  6^  +  42^  +  336^=  12,  confequentlj 
/I  =a  —  54,  i  =  47>  ^  =  -  1 21,  ^=  4,  therefore  the  fum  of  the  given 

**^®^'  3.4.5.6.7 -S    4.S.07-4    S.6-7*3    6-7.2.6-50400"' 

CASE  4.  To  find  the  fum  (f  the  infinite  feries  ^      '     ^^  + 
5 + ^5 — r+&c.. 


4.2.10. 13-  7, 10. 13.16 

Here  »=i,m=3»''  =  3>  ^n^  ^^  3d,  differences  are  »  o ;  there- 
fore tf+*+4f=i,  <»+4^  +  28c  =  9,  tf+75+70f=»25,  coafe- 

iequently  «  =  -,  ^=  —  *  c  —  -\  .*.  the  lum  of  the  given  feries 

G  g  g  a     "      ^  CASE 


404  ^*  Y»K<)&VMr4p  it/InheH^ 


CA«E  5.  to  find  the  Sum  of  the  infirliu  Sir  its  • — -^ — —  + 


10  ,  .aa  -  -  ■ 


3.5.7.9.11     S«7'9«»»«'3     7'9'"«>3»S 

•  t 

In  this  cafe  «  =  i ,  m  =  2,  r  ==4,  and  the  4th  mn^rences  become- 
■=  o ;  therefore  <i  +  ^  +  3^  +  1 5^-  i ,.  'H'  3*  + « 5<^  + 1^05*^=  4^ 
^  +  5i  +  35c  +  3i5^/=sio,    ii  +  7^  +  63^  +  693  i/^s=>2o ,     con  fe^ 

the  given  feries  becomes  ,    ^   ^   /  ^   ^     .  + '    ^  ^\  ^ — t  + 
o  I .3.5. 7 . 2.4. JO     3.s«7.«.3«i6 

5 .  7  . 1 . 2  .  16     7.  a  .  48     3«4' 

Thisi  propofitron  may  alfb  be  applie37to  findtfic  fiim  of  all 
thofe  fcjfies  whpfe .  Humerators  being  unity,  the  denominators 
(ball  b?  defiqieAt  by  aqy  number  of  correlponmng  terms,,  liow- 
cver  takeA  :  foj.as  the.produft  of  all  fuch  factors  muft  form  a 
-progreilipu,  whofe  difierencQS  wiU  become  equal  to  nothings 
if  fuch  produfbs  be  aflumed  for  the  numeratbrs  of  th'e  givea 
feries  having  its  fa£kirs  compleated^' ^^^S^^^  feries  vAW  be 
formed  equal  to  the  given  feries,  whofe  fum  can  be  found 
hy  this  prppofitioD* 

CASE   I.  7i  find  the  fum  tf  thi  i^mte  Jirw  -; — r^—t-^ 

I  *•  2  •  4  *  ^  * 

+&C. 


a.3?S'7      3.-4't».» 

By  completbg,  the  fafkors .  in  the  denominators,  and  multi- 
plying  the  numerators  by  the  fame  quantities  the  given  feries 

oecomes tr^ r -f' ■  >    .  /^^>  '. h ^^ — ^  4-  &cw 

1.2.3.4.5.6'  a .  3 . 4 .  5 1. 6 .  7  •    3.4,.  5..  0  . 7 .  8  ^  **^ 

in,  >^dliich  cafe  ;i  =  i  ^  w  =  ^  >  f  =  S^  *»d  tl^e  jd  differences  become 

«o; 


arcalfljcreforcLtf-fcl^d-.Jc =4  5, « + 2*4-  6^  ==  24,  « + 3^  -h  1 2<r = 35, , 
epntequentfy  tf  :*^^,  B=  5,  fr='i ,  an<tther6forfrfhe'  fum  6f  the  to- 

♦  .  :    •  I . .  .  •      -       i      ;  V  •    ' .    .         I ^  i      . '      ,    .  •  I  .  •  .      • ' 

i  ♦  f  ■  •  . 

CASE  2.    To'jhd  fhe/um  of  tbi  jHjiHUe  feries^  i.\ii''^' 

i8q 
This  feries,   when   completed,  becomes ^ +' 

-■^^^^> +-- !2^L_^_+_^ LZS5 _  +  &^^^ 

3.  5.  7.  9.  II  ,13     S-7-9-^^-^3-  'S.     7-9-"-?3-^S-i7 

where  «=i,  »7='2,  r;i^fj  aiid^  ffee  4th  differences  are  =*o; 
therefore    a  +  b  +  ac  +  i^d==  1 89,     ^  +  3^  +  i5<^+i 05^  =  495>- 
ia  +  5^  +  3'5C4-3i5//=iooi,  i»+'7^  +  63i:+693^=  1755,   <Jon- 
fequentiy  a  =  96,  6  =  48^  c  =?  loi  /=  i  ;  and  hence  the  fuili  of 

the  given  ferieli  is  -^^ 2Z +  ^    «,    f  -f    ■  >  ^ .  "~  .+• 

,    ^  i-3»S*7-9'a*S    3-5-7-9'a.4    5'7-9-a'3 

I  487*        •      '  .     •      '  •  .   '  ••    - 


jr. 9^2%  2   •  189*00'  •    ^  ..    .     .       :.  :  .  •.  '^      .,  . 


CASS   Z.ToJnd  tbt  fum  of  the  Infinite  jenei  ■  '     ,„    ■    + 

^  1  *  ^  • 

+  &C.  -  -'-  .    _ 


4.  7  .  16. 19  .  7  .  10.  J9  .22 

This     feries     refolv«s    itfdf    into   .,  .^.^  .^o.  .3.  i> 
—_ '3P-  ^. ^2*^ +  &c.    where  '  » -  i^. 

4.  7  .  lO.  ij  .  |6.  19       7.  10.  13.-JO  .  19  .22      '         •■  ;  *-- 

«=5,  r=5,  and  the  3d  difiercrices  i=o  j  therefofe  <i -fi^M- 4f=7o, 
*.+ 43  +  a8c  =  130,  tf  +  7^  +  70c .=  208,  from  whence  a  =  54, 
feia,    tf=: I ;    therefore  the  fuin  of   the'^  gl<ren    feries  is 

54-. 


4^  Mr.  vtKCs's  liiw  MeiM  of 


1 .4.1 .10. 13.3.5  ■  4.7  .  lo.  13.3.4  •  7.  lO.  13.3.3     -jO<JO 

By  this  propofition  we  may  alfo  inveftigate  the  fum  of  the 
ibrits^  when  there  are  ,^iiy  numbi^r  of  ddfTcient  terms  in  the 
denominators,  and  where  the  laft  difierences  of  the  numerators 
becbme  equal  to  nothings  for  if  the  factors  in  the  denomina- 
tors be' completed,  and  the  numerators  be  multiplied  by  the 
fame  quantities,  their  differences  will  .ftill. became  equal  to 
nothing 


r 


..    ..  _   :  ') 


*****  •        •         •   •  1 

CASE   I.  To  fin  J  the  lum  of  the  in  finite  feries  ^  + 

3  I  ^  1  TO*  ,  15  \    Q 

» 

This  feriesj  by  completing  the  favors  i^  the  denoiplnators 
and  multiplying  the  nutoerato'ts  by  the  fame  quantities,  becomes 

-^ — r^  +  n    r.'  A^r   f.   »  ^o    a   'r   k   ^   g  +  ^c.  in  whicH 

cafe  «=i,  »r=  I,  ^==5,  and  as*  the  5th  difierences  arc  =0; 

.%  j+^+2f +6^+24^=  10,  tf +  2^  +  6r  +  2'44(+  lib^rr  54, 
ij  +  3^  +  1 2c  +  6o^*f  360^=  1 68,  tf + 4^+  ZOC+ 1 20^+  840^=400, 
^+ ri-|-3or+2io^-|-j68p^=  810,  from  whence  tf  =  o,  ^  =  0, 
x=z  -  I ,  ^=  o,  >  =  i,  confequently  the  iiim  of  the  given  feries  is 

""      3-4-5-3     5-a      180'  : 

.CASE  2.  To  find  the  fum  of  the  infinite  feries    ^— + 

i»3-7'9 


5  i_         »i  1  X9 


3 


.  5  .'9 ♦  ri  »  5  . 7  . 1 1.  1.3X7  . 9 ,  13^  i5~^^ 

By  pcoceeduig  as  before  this  feries  beconjes ^ 


9 

35 
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'i^ — 3i      ■■-{ — — ■  -^^>  -^ I-&C.   wfierc'  ii=:i,  «r=:2,  rx4.v 

and  the  4th   differences  =  p ;    therefore   ^+^+3^+15^=5, 

^+7^+63<H-<i93^-  209,  cdnfe^piendy,  41=—  i,  i^h^  c^  },. 

4/=:  i,  therefore  the  fum  of  the  given  feries  = «— - — ^^^-^ — r—  -f^ 
**  ^    .  1 .3. 5 . 7.2.4  * 

3 1        ^         .      t    —  .1  ^ 

3-S-7»2.3.4  ■  5:7.2.2.  2^7  .2.4      140 

:  By  ft  ip€thp4  .fimiiar  to  that  mads  ufe  of  in  thi$  propofitioa 
may  any  number  of  £u^ors  be  taken  from  the  denominators  of 
thofe  ieries  delivered  in  part  the  firfl,  and  alfo  from  a  great 
variety  of  others ;  but  as  the  examples  here  given  muft  be  fuf«r^ 
ficient  to  point  out  the  method  of  proceeding  in  all  other  cafes^. 
we  wifl  proceed  to  the  thii^d/p^rt. - 


^^mmtmmmimtmm 


f     A    R    T      IH. 


.»  » » 


\ 


THE  fum  of  every  converging  infinite  feries^  whofii 
terms  ultimately  become  equail  to  nothing,  may  always  be 
exhibited,  by  the  fum  of  another  feries  formed  by.  coUe£ting 
two  or  more  terms  of  the  former  feries  into  one.  This 
is  not  truei  however,  where  the  terms  of  the  infinite  ieries 
continally  diverge,  or  converge  to  any  a0ignable  quantity^ , 

andk 


,tf69  Mr:  t««ce*s  ne^  Methedif 

^d -are  a££^ed-witlk  idbe .  %4s  <4-,  ~y  alternately:  lor 
inftancc,  the  feirics  i- 4  +  i  t 4-^ ^^'  M  y^  collet  ^vp 
Hierms  into  ooje,^   l^^£^<^ipCt  ,,^'  the  fim  term,   wjll  become 


•<-  A- :t  "^  T-r^-f*  4P3<  ■  ^lf  >nr6  b<«ia  At  the  ieeoivl  tena.it 

ibecomes -i-.'+-^-f--^-4-&c.i  neither  of  which  gives  the 
•  ira-*  3.4  '  5-6  ° 

fum  of  the  aflumed  frriefe  j  but  in  thi», .  awJ  -  every  other  cafc 
of  the  like  nature,  a  correftion  will  be  neceflaiy :  to  deter- 
%nihe  thci  valtie  sof '  wMeh,  •  add  From  Whence  tte  Aec^tj 
^efebf'arifesj'is  the  fubjta  of  this  third  part,      •-  '  ^ 


.i.  f 


L    B    M"   M    A. 


'••-  I..       •  '•".«        *  •  'i*  --I-         i«»       ■'* 

If  rbtany  quantity  lubatevelFt  tfttti  wflf  J:  =  i  -;.  ;i  .§.  i  i-  £  > 
:&c  ad  infinitum. 

For  l^  J-  =  (hy 
infinitum. 

Cor.  I.  Henoe  ^  — —  -r-  +-i'--  +  -  -&c.  ad  infinitum. 

ar        1  r      ,r        r  .•     r 

Cor.  2.  Hence  alfo  —=  --  -+---+ &c  ad  infinitum; 

2V        V  V  V  V 

and  -  ~  =  -  -  +^  »"I»Hi-4-^-.  &c.  ad  infinitum. 

2V  V  V         V  V 

,     .  ,  PRO    R      I. 

^  — ~  ie  the  general  term  of  a  ferjesformii  by  writing  for 

<«  Any  ftrkt  ff  nwnkm  vt  Jtri^m^  Sm^^\  ^  ^W' 

^nt.an aU4Kn<»tefy.  \aft^  r- ;  ib^Pj^  *Lfi^'^£^^4:^  ^' 
.5  •      j^.^ 
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leSllng  two  terms  into  one 9  beginning  at  thejirji  term^  the  Jum  of 
theferies  thence  arijing  will  be  lejs  than  the  Jam  of  the  given Jeries 

"hy  —  .     If  oferies  be  formed  by  beginning  at  thefecond  Term^  the 

fum  thereof  will  be  greater  than  the  fum  of  the  given  feries 
by  —  . 

For  let  — "    "    ^ — beanytwofucceflivetermsoftheferies, 

which,  if  we  begin  to  collc6t  at  the  firft  term  (the  firft  term  being 
4- )  will  be  two  terms  to  be  colleded  into  one,  and  which  will 

therefore  give  ^^"  for  a  general  term  of  the  re- 

fulting  feries.  Let  us  now  make  n  infinite,  and  then  the  deno- 
minator of  this  term  becomes  infinite,  and  the  numerator 
finite ;  therefore  the  terms  of  this  latter  feries  at  an  infinite 
diflance  becoming  infinitely  fmall,  the  feries  •  will  there  termi- 
nate. Now,  by  making  n  infinite  in  the  given  feries,  the 
two  fbcceflive  general  terms  at  an  infinite  diflance  become 

-  —  -  ;  confequcntly  this  feries  is  flill  continued  after  the  other 

terminates ;  and  the  terms   of  fuch .  a  continuation  will  be 

(as  they  begin  with  — ^^ —  1    ■^'^^ —  by  making  n  infinite) 

i  —  1+i— -+  &c#  which  will  alfo  be  continued  ad  infin.  and 

r         Y        r        r       . 

whofe  fum  by  the  lemma  is  — ;  confequently  the  given  feries 
exceeds  that  which  is  formed  by  collecting  two  terms  into  one, 
beginning  at  the  firfl,  by  —  ;  hence  the  fum  of  the  latter  feries 

+  —  will  be  equal  to  the  fum  of  the  former.     If  we  begin  to 
Vol.  LXXn.  H  h  h  colled 
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colle£l  at  the  fecond  term,  then  will  -  -JL.  +  — ^JT'^ —  be  the 

two  fucceffive  general  terms  of  the  given  feries  to  be  coUedledinta 
one ;  confequently  the  continuation  of  the  given  feries  when  n  be- 
comes infinite  will  be + + &c.    ad   infinitum, 

r       r        r        r 

whofe  fum,  by  cor,  !•  to  the  lem.  is ;  in  this  cafe,  there- 
fore, the  fum  of  the  grven  feries  is  lefs  than  the  fum  of  the- 
feries  formed  bjr  collecting  two  terms  into  one,  beginning  at^ 

the  fecond  term,  by  — ;   hence  tbe  iiifX):  of  the  htter  feries. 

J* ' 

"  -—  wiU  be  equal  to  the  fum  of  ^e  firmer^ 


Case  i.  Lft  tht  gheti  feries  &---  +2_  f  -fc&c. 

^  *r  ^ 

Herer»i,  «=:i,  z,  3,  4,&c.  acid«ii»i..  Now,  if  web«gin> 
to  coUe£t  at  the  firfl  term,    the   feries    r^efblues  itf^f  into 

—  -^  -^  -^-^ —  &c.  and  the  correAion,  tabe  ^^Ur^,  b«bg 

a.  3     4.5     6.7  '  ^^  *         o 

i  ,  we  have 1 1 —  JL  «&c.  +  -  for  the  fum  of  the 

«  a. 3     4.5     6.7  2 

^ven,  feries*    Now  -  -I —  -i —  &c.  is  well  known  to. 

a.  3     4.5     6.7 

be  equal  to  —  I  +  hyp.  log.  of  2 ;  coni^uently-  t^ie  {Mpi  of  the 
^v«i  feries  is  =  --i.+hyp.  Ipg.  0/2-. 
If  we  begin  to  colled  a^  the  iecood  (eroi,  the  itms^  bdcvfaM 

corre£tioi^  Xioh* Jkhtra3ti4^\i«m% 

f  &c.  -  i  foe  the  fu«x  o£  tlie  givea. 

fines;. 
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feries ;  but  p-  \ — ?- + -1^  +  &c.  Is  equal  to  the  hyp.  log.  of  2 ; 

therefore  the  fum  of  the  given  feries  is  = l"l^yp-  log.  of  2^ 

the  fame  as  before. 

c  Asfi  2.  Let  the  given  feries  3^i-*+3^f+&c. 

Here  r=:2,   «=i,   2,  3,  4,    &c.  «=sr.     Now,    if  we 
liegin  to  collect  at  the    feCoud  term,    the    feries   becomes 

7rr+r7r+.r^.+&c.  and  the  correction,  to  be  fubtraSled^ 
being  i,  we  have  -I-+-i_+-jJ^ +&c.  -  i  for  the  fum  of  the 
given  feries;  b«t-i--+-^r+^^+&c.  is  dqual  to  a  circulat 

*  '3     S«7     9« "  * 

arc  (A)  of  22**i,  whofe  radius  is  unity ',  therefoib  the  fum  of 
the  given  feries  =  A-  -  • 


PROP.      11. 


U  ^i?^  ht  the  general  term  if  it  firks  formed  by  vorkingfw 


Ar4Mfc 

of  tumbera 


are  aUemately  +  «»/-;  ibin  ^  s  feriet  In  formed  by  cotle&ing 

two  terms  into  one^  be^nmng  M.tbt  firfi  term^  the  fum  of  the 

feries  thence  arifing  nvill  be  lefs  than  theftm  of  the  given  feries  by 

— .    tf'a  feries  befdfmed  by  begihnmg  at  the  fecond  term,  the^ 
fum  thereof  will  he  greater  than  the  fum  of  the  giv^n feries  ly -^^  , 

H  h  h  a  For 
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For  let  i±^^ —  ^+fi+^.g|^^^y  f^^  fucccfiivetcrmsof  thegi- 

veil  feries,  which,  if  we  begin  to  colled  at  the  firft  term,  will  bet 
the  two  general  terms  to  be  colle£led  into  one,  and  will  therefore 

give  _-^'^'r.^'^!^_  -L.  for  a  general  term  of  the  refulting  feries. 

Let  us  now  make  » infinite  and  then  this  term  will  vaniih^andcon- 
fequently  the  refulting  feries  will  terminate  at  an  infinite  diftance. 
Now,  by  making  n  in6nite  in  the  givca  leries,  the  two  fuccaf- 

fivc  terms  (as  they  begin  with  ^-if?  -.  *  ^  by  making  n 


infinite')   become  *  -  -  ;  this  feries,  therefore,  is  ftill  continued' 


%  2 

V  V 

after  the  other  terminates ;  and  the  terras  of  fuch  a  continua* 
tion  will  be  -  -^  ^  Hr-  -  -  +&c.  ad  infinitum,  and. whofe (um^ 

V         V         V  V 

by  con  2.  to  the  lem^.  is  —  r  confcquently  the  given  ftries  ex- 
ceeds that  which  is  formed  by  coUeding  two  terms  into  (me,- 
beginning  at  the  firft,  by  —  ;  hence  the  fum  of  the  latter  feries 

+  —  will  be  equal  to  the  fum  of  \ht  former..  Now,  if  we  beg^n  to 

coUea  at  the  fecond  term,  then  will  ^f:±fl+.^^iii^^  be  two 

general  terms  of  the  given  feries  tb\  be  odllefted  into  one ;  con- 
fequently  the  continuation  of  the  given  feries,  wheii  n  becomes 

infinite,  will  be--+  —  -  +  5-  &c#  ad  infinitum,  whofe  fum 

V  V         V  V  ' 


by  cor.  2.  to  the  lem.  is  -  -^ ;.  in  this  cafe,  therefore,  the  fum 

of  the  given  feries  is  lefs  than  the  fum  of  the  feries  formed  by 
colledling  two  terms  into  one^  beginning  at  the  fecondterm,  by 


im)€jiigating  the  Sums  of  infinite  Series.  4 1 3^ 


—  r  hence  the  fum  of  thc^latter  feries will  be  equal  to  the 

fum  of  thtformer^ 


CASE  1.  Let  tbe  given Jeries  be  l  -  11+11-19 -(*&c. 

^        ^  3      5       7      9 

Here*  =  3,  «  =  2,  w=i,  vm,  »  =  2,  4,  6^  8,&e.     Now;. 
j^F  we  begin  to  colled):  at  the  iiril  term,  the  feries  become$^> 

— — H  — i-  -I — ? h  &c.  and  the  correflion,  to  be  added^  being:  1  ^ 

we  have  — ^+-^ — \-— h&c  +  i  for  the  fum  of  the  giveir 

3.5     7.9     II. 13,  ^ 

feries;    but   if  A=  a  circular  arc  of   45**    whofe  radius  is> 

unity,  it  is  well  known  that  -^  H +  — 1-  &c«  =  i  -  A  > 

•^  3-5     7-9     II. 13 

therefore  the  fum  of  the  given  feries  is  2-A^ 

•  •  • 

0ASE2.  Let  tbe  given  f^ies  be  ^^^+^^^-^800., 

1234 

Here  w=i,  v=i,   a:=i6,  2;=:ii,   »  =  o,    i,   2,   3,   &c.: 
Now;  if.we:  begin,  to  colle£t  at  the  firfl  term,  the  ikncs  becomes 

-i^H — ^-.4- -~ +^c.w  and  the  corredlioni  to  be /li^^^,  beine:- 
1.2  .3.4    s- 6  »         & 

— ,  we  have  -i- + -1-  +  -^  +  &c.  +  —  for  the  fum  of  the  given : 
a  1.2     3.4     5*6  a  ^ 

feries ;  but  -Jl + .A«  + -L.  +  &c.  is  equal  to  5  x  hyp.  log.  of  2, 
corifequently    the    fum    of  the    given  <  feries    is    equal     to 


— +5  ^  ^yp-  l^g*  ^^  ^' 


axv^^awx 


l^r^^\r(r  j  the  general   term   of  the  feries 

'  formed 
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formed  by  reducing  two  terms  into  one^  has  its  numerator  inde- 
pendent  of  the  value  of,  »,  it  is  manifeft,  that  the  numerators  of 
that  feries  will  be  all  equal.  Now^  if  a  feries  be  afiumed,  the 
numerators  of  whofe  terms  are  unity,  and  in  every  other 
refpe£t  the  fame  as  t!he  feries  in  this  propofition,  thaf  k,  if 

.  be  two  fucceffive  terms  of  a  feries,  it  is  ma- 

ijifeft,  that  if  every  two  terms  of  this  feries  be  redtreed 
into   one,'  the  general  term  of  the   refulting  feries  will   be 


—  tfV 


,  where  the  numerator  is  a  conftant  quantity 

— av ;  confeqyently  the  fum  of  the  feries  whofe  gelieral  term  is 

is  to  the  fum  of  the  feries  whofe  general  term 


avx'^aviyz 


is  ■  Tf!!— _j==  as  vx  —  w»  to  -  v,  or  in  a  given  ratio ; 

whenever,  therefore,  the  fum  of  the  latter  feries  can  be  found, 
the  fum«  df  the  former  can  be  found>  and  cdtifequently,  after 
proper  correftion^  the  fum  of  the  feries  in  this  propofition  can 
be  found. 

Hence,  therefore,  in  the  two  cafes  giveri  above  in  whatever 
arithmetic  progreffion  the  numerator^  amy  proceed^  the  fa<n  of 
the  former  can  always  be  exprefled  by  circular  arcs,  and  the 
latter  by  the  hyp.  log.  of  2. 

Hence  alfo^  as  it  appears  fron  lem.  i.  part  the  firfl,  that 

the  fum  of  the  feries  *  • — ^—  H -^ +  &c.  can  always 

be  exprefled  by  circular  arcs  and  logarithms,  it  is  manifefl, 
that  if  the  numerators  form  any  arithmetic  progreffion,  the 
ium  of  fuch  feries  may  be  found  by  this  propofition,  and  will 
always  be  exhibited  by  circular  arcs  and  logarithms^ 

Befides 


V 
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Beiidss  the  feries  contained  in  the  foregoiog  propofitioiis,  a 
great  variety  of  other  feries  might  be  produced  where  a  cor- 
Kdioa  is  iieceflary,  after  collecting  two  terms  into  one,  in 
#rder  to  exhibit  the  true  val,ue  of  the  given  ferios.  As  the 
proper  corredtion,  however,  may  always  be  found  from  the 
principles  delivered  in  the  above  propofitions,  that  is,  by  confi- 
dering  what  the  terms  of  the  given  feries  become  at  an  infinite 
diftance,  1  (hall  only  add  one  or  two  inftances  more,  and  con-- 
elude  what  I  at  prefent  intend  to  ofler  on  this  fubjedt. 

BX.  I .  Xjtt  it  be  Mquired  to  find  the  fitm  of  tbt  it^ite /fries 

X  .2      2*3     3*4     4*5 

This,  by  refblving  two  terms  into  one,  becomes  ——  + 

'  ■■H„  J^ — ^ &c. ;,  and  as  the  terms  of  the  given  feries 

continually  approach  to  unity^  the  correction,  to  be  added^  is 

i,  confeqjiently  -^+^+^^-&c.  +  f  is  equal  to 

the  fum  of  the  given  feries ;  but  by  prop*  i.  part  I.  the  fum  of 

the  feces  j-^  +  j^+j^  is  equal  to  8S-2   (S 

being  the  hyp.  log.  2.)  confequently  the  fum  of  the  giv^n  feries^^ 
is  88  —  1}.     . 

EX.  2.  Let  it  be  required  tt  fiad  tile  fum  of  the  infinite  feries 

li^  -  1-J + L'-l  -  ill + &c. 
».3     3'S     5-7     7«9 

This  feries,   by  refolving  two  terms  into  one,   becomes 

— 2 — ,  J 2—^  -I 1-  &c.  and  as  the  terms  of  the  given^ 

1.3-5     S-.7-9     9*^»-»3  ^ 

2.  feries 
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-Series  continually  approach  to  - ,  the  corre^on,  to  be  added^ 
wUl  bt\,  therefore  _i_  +  _l_  +  _Ji_+  &c.  +  i.  b  = 
to  the  funw)f  the  giren  feries ;  but  by  prop.  i.  part  I.  the  fum 

"'^  TTir5+|T7:?+riTn3+«'=- "  =9"^' "is+i  (s  bekg 

a  circular  arc  of  45',  whofe  radius  is  unity)  hence  the  fum  of 
-the  given  feries  is  -  S  4-  -  • 

This  method  is  not  only  applicable  to  thofe  caies,  where  the 
•given  feries  refblves  itfetf  into  another,  whole  fum  is  either 
accurately  known  or  can  be  exprefied  by  circular  arcs  and  loga- 
rithms, but  alfo  to  thofe  cafes  where  we  want  to  approximate 
to  the  value  of  the  given  feries,  as  it  muft,  in  general,  be 
neceffary  firft  to  render  the  terms  of  the  feries  converging,  by 
■coUe^ing  two  into  one,  before  the  operarion  of  approximation 
.begms,  and  confequently  a  correction  of  this  latter  isneceflary 
.in  order  to  exhibit  the  value  of  the  given  feries. 
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X^VI.  if  new  Method  af finding  fhe  e^uallRoots  of  an  IZquUtian^  fy 
Dhifiom  By  the  Rev.  John  Hellins,  Curate  of  Coh^ 
Aancine,  in  Cornwall;  communicated  by  NevU  Mafketylio^ 
S^.  IXR  R.S.  and^rononur  Royal 


Head  June  20,  i  yti. 

THE  following  theorems  are  a  produdion  of  juven&lfe 
years^  They  were  invented  about  twdlve  yeai-s  ago, 
when  algebra  was  my  favourite  (hidy;  and'one*(^  them  (the 
firft)  was  publiflied  as  a  ipecimen  of  this  method  of  extrading 
the  equal  roots  of  an  equation  about  ten  years  ago.  Since  that 
time  tny  avocations  have  left  me  but  very  little  leifure  for  im- 
proving any  invention  of  this  kind.  Thefe  theorems,  then> 
are  in  their  crude  flate ;  iiowever,  fuch  as  they  are,  I  flattet 
myfeif,  they  will  aflbrd  an  eafier  fplution  of  equations  that  have 
equal  roots  than  is  generally  known^  and  be  accc^ptable  fo  tht 
ingenious  algebraift. 

THBOREMI. 

.  ♦  • 

If  the  cubic  equation  x'  —/at*  +iyx  -  r  «=  6  has  (Wo  tqual  rootj^ 
each  ^  them  wilt  be  (x)  =  -^lll-^- 

DEMONSTRATION. 

Call  the  three  roots  aj  a^  and  b ;  then,  by  the  dompofitlon 

of  equations  we  (hall  have  ^'z"5  *'lti4*""^^^^^^  whert 

Vol.  LXXIL  I  i  i  a# 
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Vka^h^p^,  aa^zab^jjy  aod    aaizsr;    which    values    beings. 

written    ia   our    theorem*    we.    have    k    (  zs  JtSz^) ^^z 


•    « 


EXAM  PL  E    I. 

•  .   ♦ 

If  the  equation  x'  +  5^*  -  32;^  +  36  =  o  has  two  eq^al;  rootv 
it  is  propofed  to  find  them  hy  the  above  theorem.. 

Here  /  =?  -  5,  q^  -'^Ft  a«)«fc  r  =5:  ^  316 ;  thefe  vahies  beings 

written  in  the  theorem,  we  have  -5x^32-9 x -36 ^,^60 -h 324 

'  2  X  25  7-6  X- 31  so+u9*i 

^l;!'^**  wt"«H  fepi«g  writtea.  ^  Xy^xh^  ojoatioa  becomes - 

8  +  20  ^  64  +  36,  tvhich  ijB  evidently  =s  o ;  coni^tient^  «.and  2_ 
arerootsof.it.. 

Qth^rwife,  2*  the  value  of  *  given  by.  the  tfeeoreitt,  beiag 
written  for  it  in  the  quadratic .cqwation  3**  +  ro«— 53  =»o,  the 
refttlt  is  1  ?  ^.^to  r»-ajt  sjsj^^. 

Or,  dividing  tfaq  given  cubic  by. the  quadratic  7^",  we. 
haw  ar*  -  4* +4)  y  +  5>  -  3P+ j6  (x +9  ;  therefore  the  three 
loots  arp  2,  2,  and  -  9. 

E.X.A,M  P  L.E:  n.. 

Giveu  fl^,+.^*  '^^='«>.  aa equation. which  bias ^qaal  roatv- 
iO  find  them. 

Here  q  =^0,  and  the  theorem  gives  " g^ood  x  4^     -20      . .  , 

°         200x9261      ^!1»  waica 
^ue  being  written  for  «  thcf  equation  vanilhes. . 


<j«^  /f(?^/j  5/*  tf«  Equation  hy  IJhJ^^.  4^^ 

•  •         •  •  »  •     •  .  « 

T  H  E  O  R  E  M    B.  '  ' 

If  ibfVqu'aiirttitc  equation  ye*" px^^qx*^rx -^-i^o  bas  ttM 

<quaro9tt,  fnake  A  ^  '^2LZ^^  B  =:i^\  C;=  Jj^j,  i;»i  D s 
^  *»  3/>/>-%  3/:/>-8?  4^+3^' 

*  -  -  • 

,  ana  you  mil  have  x  =  r-r-:, . 

A  iynthehcal  dcmonftration  of  this  theorem  would  be  very 
4ong :  the  investigation  is  as  follows* 

It  has  been  demonftrated  by  the  writers  on  algebra,  that,  if 
a  biquadratic  equation,  as  jc*— /jr'  +  yAr*  — rAr  +  jrro,  has  two 
^ual  roots,  one  of  them  may  be  had  from  the  equation 
^  —  ^x*  ^  zqx  -  r  r:  o.  K^ultiply  this  e^uatioB  by  x^  aod  the 
-oQginal  one  by  4,  and  take  the  difference  of  the  two,  which  will 
4>e  px^  —  zqx^  +  3^^  —  4j  :=  o.  Again,  if  this  equation  be  multi- 
plied  by  4,  and  the  other  cubic  by  ^,  and  their  difHrrence  talcen, 

D^re  ihall  have  3/jft  -  8y  x  x*  +  izr -  ip^  x  x  +pr  -  l6xi:: o,'    or 

;,*  +  ^i!:z.^W;,^?:i:i6f^      or  ;c*+A;^+B=:o,  patting  A  and 

B  for  the  known  quantities  in  the  fecond  and  third  jerms.  Now. 
xfiultiply  this  equation  by  4^*,  and  take  the  firft  cubic  from  it^ 

and  we  fliall  have  4A +3^  x  x*  +  ^S  —  2j[  x  x +r^  o,    which'* 
beiiig   divided   by   4A  +  3^   ^nd    C   and    D   put    equal   to 

^Zllind'-^^^  refpedively,    rives  ;^*+C^  +  Dao;    aad. 

this  equation  being  taken  from  the  other  quadratic,  there  remains 

A^x;p+B-D-05  confequentlyif-»^4'     ^^^  ^* 

j^  ^"  \^ 

COROLLARY  I.  From  the  above  in vcffrgatioii  It  appears,  that 
one  of  the  equal  roots  may  alfo  be  obtained  from  either  of  thefe  '* 
two  quadratic  equations,  of  which  the  firfl:  feems  moft  eligible, 

I  i  i  a  as 
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as  the  co^flScieots  of  it  are  l^Ts  complex. tbaa.tboie  of  t{re> 


^^  —  8f "x  jif*  + 1 2r  -  2/jx  *  +fr'-A6s  =^, 


and  4A+-3^x**+4B^2yx.*+r=:«^      Aad    dicfe,, 
i^en/2=o,  become  -  8^;i?* +.1  zrjr -^i  6j  =5^0, 

or  X  -5-a;+— =.a^, 

« 

eoTtoL.t.Jf  both  p  znd^q  vauiihy  theny  from,  cither  of  ^the- 
qyadratics  w^  get  a:.=?^,  perfe^ly   agreeing  with  the  cubic. 

px^—tqx^+y^x—^^j^o,  which,  yrh^f  md^  ^^ni/h^  becomes? 
^rx-4f.=  o.  And  tlys  equation,  k  of  ufe;  .becaufc,  ia^this. 
cafe,  the  theorem  fails,  one  of,  the  divifota  being  =  o. 

« 

GonoL.  3.  Fxom  the  equation  4^^  -  3/uc*  +  iqx  -  r  =0,  which,^ 
when  ^   and   ^^vani(h,   becomes   4«'-rr:G,   we,  alio  get. 

J«=: •  v. ^ , . another  expiefllon  of  thie  fame  value  of  x. . 

COROL*  4.  When   r=-o,    Daso,  and  ;  from  ..the  ^  eqqadpa. 
*'+C!fr+P:46,  wehave*^  — Cr 

E,Z  A'M  p.L  E-  J. 

If  the t^mm  xU  •  9**  +>^*+  itsQ  ha» equal  JDOts,  it.is 
propofed  to  ^nd  them. 

.  .  Here 
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Hcrc/>-o,  fa -9f  '•s -4»  and/=si2;  .an4 

A  becomes  =:  i^  =:^,-. 


b: 


e 


^  -8x-9  ".    3  ' 
4X—  4 


s 

3       4 


which  being  written  for  x^  tlie  equation  becomes.  16  —  3 6-^ fr 
+-^2  =>  o ;  thetefoce  2  i&  one  of  the  rootr/*^. 

The  fame  value  of  x.majr  be.  difcovered  frooft  either  of  the 
quadratic  equations  mentioned  in  corollary  i.  Theproper  values 
oftheco-efficieuts  being -written  in.the itr{t  6f -them,  it  becomes 

X*  -  2  X  -  -  =  o,  where  one  >vahi6  of  i  i»  ttS^  —  3.      The 
3        3  3 

other  quadratic  becomes-x*  -  "  x  +  I  =:o,.<me  of  whole  roots  is 
g"" 

E  X  A  M  P  i;  E    It 

It  being  known  that  the  equation  **  -  *^  -  7Jr*  + 1 3;^  -  6  pro 
has  two  equal  roots,  to  find  them. 

Here  ^=1,    J= -7t    rs=.. -15,    and  jas -6;    and  A  = 

59    '  59  39 »  39»  23009 » 

^'.^lEl'^='>  '■«  of  ..he  «ot.  fought. 
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The  fame  ¥alue  6^  ;c  may 'be  found  ^from  eithfcr  of -the  two 
general  quadratic  equajtions  gtveii  in  ooPoUajy  -f.    .From  the 

firft  of  them  we  get  on«  jraluo  of  xss  ZiZ-Jif  ^  i .    And  from 
.the  other,  one  value  .=  ^2Z — 212if    which  .is  alfos:  i . 

IE  X  A  M  P  L  E    III. 

.      .      "I 

Given  the  equation  x*  -  "L*  jr  +  3 -.  q,  in  Which  two  values 

of  X  are  equal  to  each  otheiit  to  fihii  ihera^     - 

By  corollary  a.  we  .hwe  *  « li^irf-i?.!  «=  j^ = ^  •  By  corol.  j. 

•       •     3  /  I  I 


I  «.  • 


■ST  H  -E  O  R  -E  «    HL 


•       # 


If  tbefurfglid equatm  x^^f^^-^ qx^^rx^-^^sx^tmo -has  tW9 
roots  fqualfoeacb  0fb^^  andy^u mah A f=»  j ?['""■? !! » >B = ? j"" ^^^ 


rr^ 


F+C      T      B-H  »ir  C 


)H  =  ^— jj,  ^'^aITg*  ^^^'^'^aTg*  then  Jball one  of  tht  c^ud 

values  of  x  ^^^'j-Eq^ 

The  inveftigation  of  this  theorem  being  altogether  iimilar  to 
ithat  of  the  laft,  it  is  unneceiSary  to  give  it  heye, 

The  difference  of  equations  being  taken  as  in  the  invc^iga- 
:tlon  of  theoreQi  II.  it  will  appear,  that  4>ae  of  the  tqval  roots 
may  alfb  be  had  from  any  one  of  the  following  five  etquations^  of 
which  iomeCioies  one^  foraetiincs  adother,  will  be  the  moft 
eligible. 

•       *    ■      '      ^    ^     '       '      '  I. 


It  is  obvious,  that,  when  jV  vantfliee^  thiat  wodc  will  be  oon«- 
fiderablj  ihortened ;    and  wheo  both  p  aad  ^  aie  wanting, . 
though .tl^r'abovi^^inirAf^fiiUs,/  jTeftt^  ^^^rocit  naj.bceafily 
Gbtaipa4  &oa>  the  ecjuatiou. /**  — agf'^l-jrA^ -4/jH-//»o^  » 
which  kv  that  cafe  becomes.  3r;!P*--4«+»5^»o.     Whenever 
s  is  wanting,  F,  in  the  fecond  *  cubic  above,  wiU  be.  ::r  o,  and 
confequently  x  may   be  found  from  the  quadratic  equation-* 
;t*  +  D;(?  +  E  s'O.     But  in  any  of  thcfe  cafes  the  equal  root  may 
ht  found  by  divlHon.  However,'  the  op^tion  probably  will  not, 
in  geiieifal,  be  {&  Aortas  c&ctrafiHtig  the  toot  of  th*  quadratic ;  I  ^ 
will  therefore  haften  to  ^ye  an.  example. or  ^two^  of  the  ufe  of-' 
th6  theorem.   •  '      . 

OiVen  X*  +«?  -^  +d*09435— 1>,  tb  findf  x,  two  vsdues  of  ir:  \ 
being  equal'  to  each  otfaen. 

Here/=:o,  y=i,  r=si,  iv»^  4 »  w«.  0^45^  iodt -we  gctt  ' 
A=:-i-5  F=o 

K  =ro  Cf'=r  -b'l^3r. 

'        €  ti^ +o*235»  •    H=-o-<24i 

0=t  +0'4  '    ••  I  =r  -o'0974  !  - 

and  AT  =  j-£^  =^6.48. 

1^  pnptr  valttia  of  thtsr  co^bffidieute  being  Tirdtten  in  th^r^^^ 
five  tqiuttidns.  br&uce  jBOttatiQiMvi^  .aoi  ibme  of  ^t)lMV3udiv«M  b^^ 
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the  Gocfficient  of  th«  higheft  power  of  x^vrt  have  thefc  foQr 
equations,  la  each  of  which  one  value  of  x  is  one  of  the  equal 
».  ones.fought : 

jr'  - 1'5***  +0-2358^=13. 
X*  +  o*4Jr  -  o'4238  =  o. 

-  Now  the  moft  eligible  equatien'4»4he  tjnadradc  JcN*o*4a^  - 

c  0*4238  =;o,  \^hofc  afliifmativeToot  is-v^o'4638|  -  0*2 «  0*48 1 1, 
:  agreeing  with -the  vahie  of  4p  found  above,  but  true  to  two 
J  places  IdWefin  the  decimtl. 

*  'EXAM  PL'E    II. 

TTp'  find  the /tw^  S^ual   rvalues   of  x  in   the   equation 
r  64^^*  -  2o:t! -fr  J  :s=  o. 

The    given    equation '  being    divided    bjr  ""^4,    we    have  - 
**- 0*3  r25;r*+x)*o4J68 75=0  ;  arid  then,  from  the  firft  of  the 
five  equations  given  above,  ^e  get  5ir*'-o*625Jr  =  o,  and4r= 

v^o*ia5^o*5.   .£ut  from  the  fecend  ^f  the  equations  jufl 
mentioned,     we    have    o'9375x*  -  0*234375  =  o,     or     j:*  = 

?g|gU«  o«i5,  and  «=  ^•«5  =  o^. 


From  the  foregoing  fewt  jpages  it  is  evident,  that  rules  may 

be  made  for  finding  the  oqual  roots  of  aquations  of  more  Aan 

five  dimenfions.by  divifion;  but  the  operations  by  them  will, 

?ftn  moft^  cafes,  be ^  long  and  tedious.     It  is  obvious,  however, 

^that  fuch  ^uations' may  be  deprefied  to  any  dimenlion  thealge- 

4)raift  pleafes. 

It  has  *  indeed  been  fuppofed,  that  the  number  of  equations 
fithat^iave  ^q;aal  roots  is  but  imall,  and,  conicqueatly,  that  the 

chidf 
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cfiief  uie  of  the  rules  for  Ending  their  roots  is  to  get  limits 
and  approximations  to  the  roots  of  equations  in  general.  That 
ufe,  it  muft  be  allowed*  were  it  the  only  one,  is  fufficlent  to 
pay  for'inveftigating  tliem.  fint  if  the  aquations  that.bavfr 
equal  KDots  fhould  heraafter  be  found  not' &  few.as  b^s  been 
generally  received,  then  the  ulc  of  the  9bove  theorems  will 
become  more  extenfive. 

I  beg  leave  to  add,  that  this  fhort  eflay  is  but  a  fmall  part  of 
a  work,  in  which,  if  I  fhould'  ever  have  leifure  to  put  a  finifli- 
hig  hand  to  it,  fwnethiug  more  on  this  fubje£t  may  very  pro- 
bably appear.  In  the  mean  while;  I  hope,  this  little  piece  wilt 
b«  Candidly  receivedby  thofe  who  hova  aiore  Ifiifiue  aiui  Mtec 
abilities-  iot  fludies  of  this  kiud: 

Conftanriae, 
Tebwaiy  9,  i'78%- 
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XX VH;.  Sofwfantimr  Cbnfiderjahns  m  the  infiaenw.  ef  iha  t^egth 
tahy  Kin^iH  in  *be  Animab  Ctemtiotu  By  Joha  Ingen^hottfier^ 
Counfrlhr  ta  tbeOurt^artd  JSkkfyt  Phytfician  iir  the  Bmpinr^ 
F.  R.  S.  &c. 


^ead  June  13,   i^fizw 

U'PO'N  beiffg'  mfetmedi  it  fc\r  months  ago;  5ag-wdl  by 
private  letters  as  from  Mre^-Crilical'^RcfvTew,*  that  my 
doArine  was  quite  over-turned  by  the  fifth  volume  of  Dr. 
PRiESTJLEY,  and  by  an  experiment  quoted  la  the  book.vf 
Mr.  CAVALLO  on  Air;  I  invited  fome  of  jny  friends  here  to 
aflift  at  fome  decilive  experiments,  of  which  I  will  here 
give  an  exadl  account,  I  told  them  the  whole  refult  which 
was  to  be  expefted  from  them,  if  my  (yilem  was  founded  on 
nature,  explaining  to  thena  before-hand  the  theory  of  thefe 
refults,  and  promifing,  at  .^he  fame  time,  that,  if  the  refult 
fliould  fail,  I  fliould  myfelf  he  the  firft  to  d.ifcredit  my  own 
iyftem.  1  had  the  fatisfadion  to  convince  them  that  the  refult 
did  fully  anfwer  my  prediftion  and  expectation.  Thefe  experi- 
ments are  the  following,  all  made  in  a  hot-houfe  of  the  Bota- 
nical Garden  in  the  winter  ofi782. 

I  expofed  to  the  fun-ftiine  fix  globular  glafs  veffels,  each  con- 
taining about  1 60  cubic  inches  of  fpace,  all  filled  with  pump- 
water»  which  was  boiled  during  more  than  two  hours,  and 
.poured  quite  hot  into  the  glafs  veffels,  on  purpofe  to  prevent 
any  accefs  oi^air  to  the  water. 
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Eap.  I.  In  t^o  oT  ffieTe  vtfftli  I  put  as  much  of  the  conferva 
thularh  (a  water  plant,  claffed  by  linnjEus  amongft  the  crypto^^ 
gatAia)  zi  vfii  iuffidien't  to  tiake  tip  the  fpace  of  about  an  inch 

£x|j.  n.  Iif  tfhe^^^nfext  yttStWl  fufpehded  liy  tifareads  tied  t6 
bits  of  cork,  fome  pieces  of  wobllen  antf  filK  doth  of  diifferenl 
Colours,  as  i^iiite,  fcarlet,  green,  andbroWh^  haWhg^previo'ufly 
#&ttcd  tfiem  ih  fofAc  boiled  watfer,  On  purpoffc  ^o'  fffec'  ihtih 
frbniallair:  .' 

Exp.  IH;  Iti  the  two  remaining  vSflfelsl  placed" noifiirig  atalf. 

Exp.  IV.  Ih  aiibthet  veflcl  of  the  fanie  form  and  fiic  I  put 
fbfne  of  the  conferva  rivularii^  atid  filled  it  with  ptinip  water. 

All  thefc  glbbulair  velfels'  \Wire  ihv^rtedi^  with^  theli^  onficek 
itiimerfed^iti  vfemismia  with'qiiitkTil^^^^  thd  piirpore  of 
ptevenliii^  c^ftlikHjr  aiiy  communication  between  the  content^ 
c^f  the  vieflels  and  'tht  atmofpherc. 

Rejklt  of  expeftnieni  I.  Th*  frrft  two.  days  neither  oif 
trie  veffels  coiitained  any  air,  and  even  the  fmall  quantity 
of  air,  which  here  and' there  adhered  in  the  form  of  a  bub- 
ble to'  thfe  fibres  of  the  vegetable  when  it  was  (hut  up  in 
the  veflel,  had  entirely  difappeared.  The  third  da/,  iii  the 
iriorning,  fome  air  bubbles  began  to  rife  from  every  p^ft  of  the 
conferva  in  both  g^afles ;  and  in  the  afternoon  of  the  fame  day, 
a  great  quantity  of  air  bubbles  rofe  continually  from  it.  I  took 
at  that  time  the  vegetable  out  of  one  of  thefe  veflels.  I  plunged 
a  wax  taper,  juft  extinguiflied,  into  the  orifice  of  this  veflel,  on 
purpofe  to  fee  whether  the  air,  already  extricated  froni  the  con^ 
ferva^  was  dephlogifticated  or  not.  The  wax  tapej;  took  flame 
immediately  with  an  uncommon  fplendour.  Affer  this  I 
poured  the  half  of  the  water  from  the  globular  veflcl  into  a 
common  bottle,  and  corked  it.    I  inverted  this  bottle  afterwards 
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in  an  earthen  veflel  filled  wifh  boiled  water*  I  placed  this  ap- 
paratus near  the  fire  till  the  water  in  the  bottle  began  to  boil ; 
after  which  I  cooled  the  whcJe^  and  found  a  good  qyautity  of 
air  coUedted  in  the  bottle,  which  air  proved  to  be  dephlogifti- 
cated^  Whfn  I  :di?ew.  the  1  vegetable  out  qf  the  glafs  veflel  I 
obfeiyed  the  water  tp  fparkle  almoft  like  Seltzer  water^  or 
like  water  impregnated:  by  art  with  fixed  air.  The  vegetable 
which  was  ftill  kept  in  the  fecond  bottle  of  exp.  L  continued 
to  yield  air  in  the  fun-(hine,  till  it  ceafed  to  throw  up  any  more 
air,  towards  the  feventh  07  eighth  day  of  \U  being  (hut  up 
in  the  veflels.  When,  after  this  time,  this  globular  veflel  was. 
(hook,  the  water  became  full  of  fmall  air  bubbles,,  which  for  . 
the  moft  part;  rofe  to  the  inverted :  l^ttom  of  the  veflel, 
great  part  of  them  fettling  upon  tl^e  vcgetablpi  which  appeared 
all  covered  with  thenv  This  fparkling  air,  which  becanie  vifible 
by  ihaking  the  glafs,  could  not  but  be  air  originally  produced 
by  the  conferva^  and  fo  loofely  joined  with  the  water,  that  it 
difengaged  itfelf  in  a  great  meafure  from  it  by  the  motion  of  the 
veflel.  After  the  tenth  day  the  vegetable  began  to  appear 
withered,  grew  yellow,  and  began  to  die.  I  found  about  eight 
cubic  inches  of  dephlogifticated  air  coUefted  in  the  veflel.  This 
proved  to  be  of  a  very  emineiot  quality,  its  goodnefs  being  of 
352° ;  that  is  to  fay,  that  from  a  mixture  of  one  meafure  of  this 
air,  and  as  many  meafures  of  nitrous  air  as  were  neceflary 
to  complete  the  full  faturation,  there  were  deftroyed  thiee  mea- 
fures and  -.V-5-  of  a  meafure,.  the  teft  being  made,  with  Abbe 
FONTANA'sEudiometer,employed  in  the  manner defcribed  in  my 
book  upon  Vegetables,,  p.  i']%ietfeq.  The  quality  of  this  air  ^yas 
fuperior  to  that  of  any  air  I  ever  got  from  this  plant  in  frefli  pump 
water,  its  goodnefs  proving,  in  general,  to  be  from  260  to  330% 
in  the  hot-houfe ;  this  was  during  the  winter,  for  I  never  had 

been 
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been  able  to  obtain  fuch  fine  air  from  this  vegetable  in  the 
fummer  * ;  the  reafon  of  which  I  will  explain  elfewhere, 

Theory  of  exp.l.  Boiled  water,  having  loft  its  air,  is  very  much 
difpoied  to  imbibe  it  from  all  bodies  which  contain  this  fluid ; 
and  therefore,  during  the  firft  day  or  two  of  its  expofure  to  the 
fun-(hine  with  the  vegetable,  this  water  abforbed  all  the  air 
which  the  plant  emitted ;  and  even  that  which  had  remained 
entangled  between  the  fibres  of  the  vegetable  when  it  was  im- 
merfed  in  this  water.  The  water  being  at  laft  fatu rated  with 
this  air  could  take  up  no  more ;  and  therefore^  whatever  air, 
after  this  faturation,  came  forth  from  the  vegetable  rofe  to 
the  top  of  the  veflel.  The  quantity  of  this  dephlogifticated 
air  was  fmaller  than  that  which  an  equal  bulk  of  the  fame 
plant  commonly  yields  in  frefh  pump  water,  becaufe  a  great 
deal  of  air  was  at  firft  taken  in  or  abforbed  by  the  boiled  water ; 
which  abforption  does  not  happen,  or  at  leaft  is  not  fo  great, 

*  By  continuing  to  make' experiments^  during  the  whole  winter^  in  the  hot- 
houfes  of  the  botanical  garden,  I  found  that  the  confer*oa  ri'vularis  yielded  dephlo* 
gifttcated  air  of  a  much  fuperior  quality  to  that  I  had  ever  been  able  to  get  from  it 
in  the  fummer,  ■  in  the  open  air ;  whereas  thofe  plants,  fuch  as  the  agavt 
Jknerhanaj  caBui  triangulartSy  &c.  whicb  yieldbd  in  the  fummer  the  beft  air, 
did  fcarce  yield  any  in  the  winter  (and  that  of  a  qnaiity  fcarce  better 
than  common  air)  though  placed  next  to  the  coaferva*  Tlie  quantity  of 
dephlogilTicatcd  air  I  got  in  the  winter  from  the  conferva  was  fo  great,  that  as 
nuich  of  this  vegetable  as  occupies  about  the  fpace  of  one  cubic  inch  com* 
snonly  yielded  from  12  to  1 6  cubic  inches  of  this  air  in  the  fpace  of  three  or  four 
days,  when  the  fun  did  (hine,  tlie  quantity  of  pump--wat«r  being  about  160  cubic 
inches.  The  green  matter  which  Dr.  pribstley  mentions  as  fpontaneoufly 
produced  from  pump-water,  gave  in  the  winter  alfo  a  tolerable  quantity  of  dephlo- 
gifticated air,  of  a  good  quality,  though  notfo  fine,  or  in  fuch  large  quantities,  as 
it  is  ufed  to  give  in  the  fummer.  It  feems  to  be  a  general  rule,  that  the  greater 
the  quantity  of  air  obtained  frOvn  vegetables  in  the.  fun  i3,  the  better  is  its  degree 
of  goodncfs*  ,  J  ,        . 

whea 
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^when  pump  water  is  ufed,  as  this  water  i^  always  nearly  fettr- 

c  rated  with  air.     The  air,  thus  obtained  in  boiled  water^  was  of  a 

ifiner  quality  than  that  commonly  obtained  by  the  fame  means 

in  pump  water;  becaufe  this  air,  being  entirely^free  of  air  dif- 

•  ^^g^ig^^  f^oD^  iKati  water,  muft  of  courfe  be  fo  much  the  purer 

•  dephlogifticated  Mr.  The  water  of  the  firft  veflfel,  and  which  was 
'taken  out  of  it  as  ibon  as  air  bubbles  b^n  to  riiefrom  die  plant, 
fparkled  like  Seltzer  water,  and'^yielded  by  heatdfephlogifticated 
air,  becaufe  it  was  then  already  faturated*  with  dej^logifticated 
air  ifluing  from  the  vegetable-*  THe  water  of  this  vefTel  beiflg 
vOtiOcAi^  after  the  vegetable  ceaied  to  throw  up  any  more  air  in  a 
^ifible  way,  ftill  continued  t6  iparTdei  becauft^  though  the 
^vegetable  by  loiing  gradually  its  vigour,  was  at  laft'  no  more 
able  to  throw  up  air  in  viiibte  babbles,  yet  it  had  ftill  enoagh 

•of  its  vital  power  left  to  keep  the  water  faturated  with  dephlo- 
^ifticated  air,  {b  as  to  fparlle  when  ihodc.     This  vegetable, 
•^continually  robUng  the  water  of  its  natural  air,  found  at  la/t 
nothing  more  in  it  to  fupport  its  life,  and  therefore  at  lail  Ian* 
guifhed  and  periihed;  w%ach  it  did  fo  much  the  jfboner,  from  the 
xonta^  of  tke  dcyf^blogifticated  air,  .with  which  the  water  was 
impregtMtedt  and  to^  which  tke  vegetable  had  been  alt  that  time 
<  expofed,  having  hurt  its  con*ftitution  (it  is  well  known,  that  plants 
die  in  dephlogiflicated  air)  and  thus  haftened  its  death.     The 
,  Tfparkling  quality  of  the  water  did  not  ceafe  entirely  till  the 
vegetable  was  quke^prived  of  its  life.     The  water  began  to 
;fparkle  every  day  very  brill^ly^  by  being  (hook  after  the  appa- 
ratus had  been  expofed  an  liour  or  two  to  the  fun-(hine,  during 
lathe  time  the  vegetable  was  in  its  full  vigour,  and  ceafed  to  do 
fo  fome  time  after  fun-fet,  or  after  the  apparatus  had  been 
withdrawn  from  the  fun'^s  lights  becaufe  this  vegetable,  like 
jdl  others  elaborates    ho    dephlogiflicated    air   but  by   the 

A  wiflvienCT 
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infltiencc  of  the  funj  and  becaufe  this  air, .  being  but  loofely 
united  with,  the  water,  difengaged  itfelf  again  from  it,  and^ 
rofe  to  the  inverted  bottom  of  the  veflel.     The  water  being; 
thus  deprived  of  the  dephlogifticated  air^  eeafed  fofparkle  any 
more,  till  it  became  again  faturated  with  it,  after  the  apparatus 
had  been  expofed  again,  during  fonie  rime,  to  the.  influence  oF^T 
the  light. 

Rejult  of  exp.  IJ.  No  air  at  all  was  produced^  in  the  veffcll 
containing  the  pieces  of  cloth,  during  three  weeks  expofure  to* 
the  fun-lhine. 

Theory  of  exp.  11.   Boiled  water,  having  loft'  its  air^  could  5 
yield  none,  at  leaft  till  after  a  long  time,  when  fome  degree 
of  corruption   took  place  in.  the  animal  fubftance,..a;/i5*\the:: 
pieces  of  cloth. 

Refult  of  exp.  III.  Not  an  atom  of  air  has  appeared  in  this  .: 
veflel^  though  it  flood  about  two  months  upon  the  fame  place*.. 
Theory  of  exp.  III..  Boiled  water  having  no  air,  the  fun  could:* 
extricate  neue  from  it. 

Refulf  of  expi  IV.  the  conferva  biegan  to  yield  air  bubbles  the  ? 
very  fame  day,  a  little  while  after  its  expofure  to  the  fuiv .  The  . 
next  day  it  threw  up  an  immenfe  quantity  of  them.    The  fifth  . 
day  it  begun  to  throw  up  lefs,  and  ceafed  entirely  about,  the 
feventh  day^  when  the  quantity  of  about  fourteen  cubic  inches  - 
of  dephlogifticated  air,  of  an  excellent  quality,  though-^lefs  fine  - 
than   that  obtained  in  exp.  I.   was   collefted.      The  watdr 
iparkled,  as  does  Seltzer  water,  by  the  veflel  being  (hook.  This  •. 
i¥ater  being  expofed  to  the  fire,  in  an  inverted  veflel,  yielded  a 
good  quantity  of  air,  which  was  fo  far  dephlo^fticated  as  to^ 
be  able  to  kindle  a  wax  taper  juft  extinguifhed/    After. the^ 
tenth  day  the  vegetable  began  to  die. 
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Theory  of  exp.  IV.  The  vegetable  threw  up  very  foon  air 
bubbles,  becaufe  this  water,  being  in  its  natural  date,  and 
thus  faturated  with  air,  could  not  abforb  much  of  the  air 
ifluing  from  the  vegetable,  which  air  muft,  of  courfe,  foon 
rife  up  in  vifible  bubbles.  A  great  deal  more  air  was  coUeftcd 
than  in  exp.  I.  becaufe  lefs  of  the  air  iffuing  from  the  plant  was 
abforbed  by  this  water  than  in  exp.  I.  The  air  obtained  was  not 
fo  good  as  that  obtained  in  exp.  I. ;  becaufe  the  air  in  this  expe- 
riment was  fomewhat  infefted  by  the  air  iffuing  from  the 
water,  which  was  but  common  air.  The  water  fparkled  when  the 
veffel  was  (hook,  becaufe  this  water,  though  it  had  probably  loft 
fome  of  its  own  air,  yet  had  affumed  a  great  deal  of  air  from 
the  plant  *,which  air  difengages  itfelf  from  the  water  very  eafily, 
juft  as  fixed  air  does;  the  more  fo  when  the  water  is  moved. 

*  It  feems,  that  dephlogifticated  air  has  bj  no  means  fuch  a  flrong  attra^on  to 
water,  in  other  words,  has  not  fo  much  affinity  with  it,  as  common  air  has  :  it  ap- 
pears to  be  but  loofely  united  with  water,  and  quits  it  very  eafily  by  the  water  being 
ftiaken ,  or  even  though  the  water  be  kept  quiet.  May  not  this  quality  be  looked  upon 
as  a  providential  one  ?  for  thus  the  dephlogtfticated  air,  produced  by  water  plants,  is 
continually  emitted  by  the  water,  and  diffufed'  through  the  common  ftock ;  and  for 
this  reafon  the  water,  when  (hook  during  the  day-time,  always  fparkled  as  cham- 
paigne ;  becaufe  at  that  time  the  water  was  always  kept  faturated  by  the  dephio- 
gtilicatcd  air,  iffuing  continually  out  of  the  vegetable.     But  the  «^atcr  ceafed  to 
fparkle,  after  having  been  withdrawn   from  the  fun*fline  daring  ibme  hours ; 
becaufe  the  «deph]ogiAicated  air,  with  which  the  water  was  faturated  daring  the 
day-time  (fuppofing  the  apparatus  to  be  kept  expofed  to  the  fun)  being  but  loofely 
united  with  the  water,  difengaged  itfelf  gradually  from  it,  and  rofc  to  the  top  of 
the  velfcl.    The  fparkling  quality  of  this  water  returned  after  the  vcfTcl  had  been 
expofed  afrefli  to  the  fun  ;  becaufe  the  v<egctable,  refuroing  in- that  etpofition  its 
daily  operation,  communicated  a  frofli  fupply  of  dephlogtAicated  air  to  the  water. 
This  fparkling  quality  returned  every  day,  as  long  as  there  remained  any  life 
in  the  vegetable ;  after  which  the  water  fparkled  no  more  (though  ihook  ever  fo 
much)  either  by  d^iy  or  in  the  night. 

i  This 


^JKr  3rif^l<M^  bjr'  Ij6iti  miei  ^«p^ldgli^€ated  air; 
wfaetfeas  the  Tame  vmtQf,'  whdH  it  hk$  inyr'bdeii  exp<i<ed  to  the 
zBaon  of  1^  vegbtablCTy'  ^ield$  )^  kMt-  n&thii^g  but  iRMAmcm  aiii 

lih^>rft6i&il^of  iritf^vfhbt'tiM  flft  ^d&df Me^i by  (W-plftlit J  ltC9tft 
which  «hJSLt(^rWsh^ieM^  Y«aV  dl«^hlogi(SieM«S  mt< 

Hie  vegetable  atlaft  IftiguiJhf^  i^d^gad  to  die,  beA;%uife  the 
ro^ttrytzi^  impragtiiited  i9«4th  4||^l6jgl^c«te(f  air/  whibli  hein^ 
ftflL^evciehMnc  d#  tfi^  pUiiP'is  hftififtilr  ih  in  cbii^taibi^    Rs^ 

M  imrii^^ckdf  ^o^moii  air; -and  l^llfa'fhk  aj|  the  riutrU 
ti¥4  i^trntxAihg  atid'^phlogiflic  parfictes^  which  were  tiikdA'  i^  by 
the  j>Iaiit>  and  ^v^as  therefofe  becottie  kfsfa,  td  kee]^  up^ego^ 
table  life.'^  • 

All  thefe  experiinedSs  were  tepeUtA  fttc^vt^hxliy^  aAd  always 
with  the  faftie  general  refult*  *.  • 

I.  thit^  the  abov^enfCioned  ^Btd:s  wiU^  looked  tipon  as 
quite  fufficient  to  put  my  dod-ritld  out  ef  ^I  i&tther  queilioti.  I 
ha^e  »^any  mdre  ta^s,  pdrhk^  equsill^  de^^iftraliV6  with 
theft  juft  de£:^ibed*;  but,  ks  this  pope^  is^  akeady  too  lon^g, 
I  will  keep  them  for  (biae  other  opportunity*  However,  1 
cannot  forbear  making  fome  ferther  remarks  by  which  the 
point  in  quefiitm  may  be  iftill  farther  iltuftrated. 

If  it^was  the  watery  ai>d  wot  the  vegetable,  which  yielded  the 
dephl^giflicaMd  air;  and  thus,  if  the  f eafon  why  water  plants 
and  the  green  n>a*ter  ceafe  at  laft  to  throt^  up  more  air  (if  the 

*  That  air  is  thrown  Otft  of  living  vegetables  expofed  to  the  riiQ-niine»  was 
already  obfervcd  by  the  rcV,  Dr.  ha&es,  asiriay  bcfcen  in  vol.  I.  of  his  Statical  • 
fifray^,*  p/ii6%  Th^  ^{ip^ratifs  which  he  ufed  for  this  experiment  is  reprefcnte^ 
by  fig»-XVlK  plate  Vll.  But  this  ineilinaabte  philofophcr,  iwt  even  Tiifpefling 
that  thti  aic  was  of  a  peculiiar  nattire,  did  not  ^ollc^  it.  boyi^i  abtaineil  trmch 
air  itotn  vegetables  in  vacuo* 
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water  is  not  renewed)  is,  that  the  watet  being  at  laft  er* 
haufted  of  its  air  caa  yield  no  more,  it  would  necefl&rilj^ 
Ibllow,  that  the  water,  thus  fuppofed  to  be  deprived  oT  atr, 
fliould  be  fimilar  to  diftilkd  or  hcnled  water!  but  k  is  <^e 
the  reverie.  This  Very  WAter,  inib^d  j4  \  being  iexhuufied 
of  air,  gives  evident  iigns  of  beibg  over  faturdted  with  it. 
It  fparkles  alafoft  as  champaign  doejs,  when  (hook  by  day* 
time  \xi  (he  fun  ;  and  it  wjU,  Wb^n  it  is  at  that  tsrae.iepairated 
fpvaa  the  vegetable^  yield  by  itfelf  in  the  funy  but  tnorp  {o  by 
the  fire,  a  good  quantity  of  dephk>gi(licated  ivr.  The  leafbn 
why  the  green  matter  ceaies  at  laft  to  yield  ri^Mt  air  is  therefore 
by  no  means  becaufe  the  water  is.  exha^fted  of  sur^but,  on* 
the  contrary,  becaufe  it  is  too  much  faturated  with  it,,  and  that 
with  an  air  huctful  to  vegetable-  life^  and  becauie  this  water 
has  at  laft  toft  its  own  natural,  air,  and  together  with  this  air 
the  nouriihtng  and  phJogiftic  particles^whicb  are  neceflary  ta^ 
keep  up  the  full  vigour  of  plants. 

r  If  it  was  the  water,,  and  not  the  vegetable^  which  fumiflied 
the  dephlogifticated.  ai£,  why  fhould  thel  air  bubbles  not  fettk 
indifferently  on.  either  Airface  of  the  leaves  ?  In  thi&  fuppefi? 
tlon,  how  could  that  admicahle  regularity  be  acQouot^  for,  by 
which  all  the  leaves  of  a  vine  and  a  lime-tree  are  firft  covered 
with  air  bubbles  on  the  under  ^e,  and  alL  the  leaves  of 
laurO'CerafuSj  at  the  upper  furface,  whi£l>ever  fiirface  of  the 
leaves  is  expofed  to  the  rays  of  the  fua?  Why  ihould 
the  air  always  fettle  on  moft  leaves  in  the  fdrm  of  bub- 
bles, but  never  fo  upon  the  leaves  of  tht  tr of dpofum^  majm^ 
at  leaft  during  the  firft  hours,  but  always  in  the  form  of 
bags,  adhering  to  the  upper  edge  of  the  leaves, .  and  de? 
taching    themielves    when  they,    are    grown    to    a    certain 
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iiae^  which  nevef  ba|>pei!is  with  leaves  of  a  vine  or  lime-tree*; 
whereas  the  green  flalks  of  this  plant  (t]\G  tropaolum  majusj 
are  at. the  fame  time  all  covered  with  feparate  air  bubbles? 
More  of  tbe(e  remarkable  appearances  in  difierent  plants  are  to 
be  feen  in  the  third  fe^tbn  of  my  book  on  Vegetables. 

If  the  dephlogifticated  air,  obtained  by  means  of  vegetables 
in  water,  was  air  depoiited  from  the  water,  and  purified  of  its 
phlog^A^n,  by '  remaining,  during  a  certain  time,  in  contad 
with  the  'Vegetable,  it  would  follow,  that  this  air  would  be 
fo  -much  the  purer  the  longer  it  remains  in  contact  with  the 
vegetable ;  but  it  is  quite  the  reverie.  The  air  obtained  from 
the  leaves  of  a  vine,  to  which  the  air  bubbles  Aick  a  long 
while  before  they  detach  themielves  and  rife  up,  is  never  by 
faiT'  fo  much  dephlogifticated  as  is  the  air  obtained  from  fome 
American  plants,  out  of  which  the  air  rufhes  almoft  all  in 
continual  ftreams,  as  fo  many  fprings,  not  remaining  a  fingle 
moment  upon  the  leaves.  The  difierence  of  both  airs  is  fb 
great;  that  I  never  got  dephlogifticated  air  from  leaves  of 
a  vine,  lime-tree,  and  fuoh  like,  whofe  goodnefs  furpalied 
260°  (it  is  commonly  a  little  above  200°) ;  whereas  I  got  com- 
mooly,  from  the  above  mentioned  American  plants,  an  air 
whofe  goodnefs  was  of  above  300^,  fometimes  even  of  above 
350"",  in  a  very  £ur  day,  this  air  being  put  to  the  teft,  according 
to  the  manner  which  I  have  defcribed  before  +. 

If 

*  I  have  explained  the  reafon  of  this  fingularity  in  that  plant,  ia  my  book, 
where  it  is  mentioned  by  the  name  of  nmfiurtium  Indicum* 

f  The  feMtperviimm  teSorumy  which  grows  almoft  erery  where  npon  the  roofs 
of  houfes,  gives  alfo  a  very  great  quantity  of  dephlogifticated  air  of  an  eminent 
quality.  It  fliould  feem,  that  all  fleihy  plants  particularly  excel  in  the  quality 
of  yielding  fine  dephlogifticated  air,  and  a  great  quantity  of  it.    The  agave  Ame^ 
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l£  it  was  the  w«t«r,  ami  not  th/e  j^iit,  y^mh  (jfleMed  tbr 
dephleglAicated  air,  I  he  quantity  of  air  olHwad  Mro\M  he»tf 
5q  gpneral,  a  proportion  to  the  quAottty  of  die  w»t«f  employed^ 
km  this  is  by  no  m&ans  th».fifi£si^uTk4  ^loaAtity  nf  mr  ihrnft-^ 

proportion  to  feb«  bj6lk  of  the  Y»gf«al4«  mi^f^- <«Qflt  than  {0  tt^' 
quantity  of  the  water.  Thia  »  very  eafrly  to  be  obl^r^^  ftith 
fome  of  tlie  abov^  r^ienttoodd  Am«nca&  {^ant«»  k  ou^t  to  be 
always  abfei:\^,  that  if  too  mm^y^  leavea  9x^  crow^eji^tcigetbei:^ 
•they  fluide  one  am)tl;kcr  too  itouch;  aad -thefl»^>re>  tii'tlys;ca£b» 
the  quantity  of  ak  obtsaimd  wiU  be  ^oport^foably  Ma»  and  it$^ 
quality  worfe. 

Again :  if  the  dcphlogti^aCod  air,  obtained  from  plants  in 
water,  was  .air  di&tigaged  ifjxim  die  water,^  §6  vnwA^  fottow,." 
that  a  plant  (hat  up  in  a  ciaafpArent  glafe  vtl^el  wii^wut  any 
wat6r  would  yield  mo  <  air  at  all,  nor  incttafe  this  quantity  of 
air  ihut  x^p  with  the  vegetable.  The'  fbUowk)^  experimeot^  I 
think,  will  be  fufRcieut  to!  convince  auy .  ooi» .  that  thi^  is  §K 
{vora  iseing  the  cafe^  I  pSaced  in  agjrafs  tiftbe,:  hennetwaliy 
liealed  at  one  end,,  a  piece  of  .aii  Acdfirican  pl^nt,  ^lodjmrus ;. 
the  extremity  of  this  piece,  where  it  was  cut  from  the  pUuitr 
was  tighdy  Iqueezed  in  a  imall  glafs  veiiel,  iB^whicb  only  as 
mucli  water  was  kept  as  feemed  to  be  requioed  to  loeep  ^ 
cemi3  m  full  vigduc;  I  fn^ared  die  vegetable,  an^  ihe  orifice  of 
the  glafs  veflel  all  around  jwith  foft  wax,  fo  that  .aU  cwnmunioa* 
tion  between  the  air  within  the  tube  and  the  water  within  the 
foiall  veffel  was  cut  ofE  I  placed  this  tube  inverted  in  a  veffeL 
filled  with  quickfilyer,,  keeping  a  column  of  fome  inches  of 

ricana  giv^s  fuch  a  prodigious  qiiantit/  of  dcphlogiftic^ted  air,  that,  in  a  fair  day, 
I  often  got  frgm  one  finglc  leaf  above  ijo  cubic  inchc«  of  this  air,  oi  the 
findl  quality.  The  <aifus  triangularis^  i^crfus^  fcmftrvivum  0rb9rHm^  and  maoy 
Others  give  no  Icfs  air.  , 
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the  metallic  fliaid  in  the  tube,  to  allow  the  air  withiti  th^e  tube 
to  expand  by  the  heat  of  the  fun  withont  efcaping.    After  this 
appBratus  had  fiood  dodng  a  few  hours,  in  a  bright  fun-fliine, 
1  cooded  the  whnde  to  the  iame  degree  it  poflbfTed  when  it  was 
.expofed  to  the  fyn^    This  was  dcoie  by'phinging  the"  whole  m 
•  a  tub  filled  with  water,  whofe  degree  of  heat  was  reilored  to> 
the  lame  degree  it  had  before.     1  found  the  ic^antity  of  air 
/wkhixx  the  tube  lemarkably  increafed,  and  fo  far  dephlogifti* 
cated  that   a   flame  Burned   ia  it  with  an  incxeafed  bright* 
nefs,  and  that  one  meaiwe  of  it  joined  to  one  meaiune  of 
nitrous  ak  occupied  0.64;    whereas  the  fame  air,    before  it 
was  ihut    up    with    the    ctreus  was    of  £uch    a    degree  of 
-goodqefs^  tiiat  one  mea&ire  of  it  with   one  of  nitrous  bpcu- 
pded    i«d6.      Though  this  expecixnent  may  fully  &e(w   that 
plants  thcow  out  air  m  the  fun^ihine,  yet  if  another  plant, 
which  does  not  by  nature  yield  fo  much  air  as  the  cereus  com- 
monly doeS)  is  ihut  up  in  afimilar  tube,  and  expofed  to  the  fun^ 
the  iiune  efieft  will  not  always  be  obtained*.    The  reaibn  of  it 
is^  that  plants  abfbrb  a  good  quantity  of  common  air  as. their 
nouriihment  at  the  fame  time  t^at  they  throw  out  dephlogifii^ 
cated  air.    This  fadt,  therefore,  if  confidered  by  itfelf,  will  not  be 
looked  upon  as  equally  demonftrative  with  the  above  mentioned 
ones.  The  refult  erf"  this  experiment  may  depend  on  the  morcor 
Icfs  vigour  of  the  vegetable  employed,  on  the  more  or  lels  feright- 
ncfs  of  the  fbn*s  light,  on  the  more  or  lefs  heat  the  vege- 
table receives,  &c,    A  cereus  being  a  plant  of  hot  climates*  may 
.bear  moi?e  heat  than  an  European  plant.     All  thefe  circum- 
fiances,  as  well  as  many  others,,  may  make  the  iflueof  this 
jexperiment  fbmetimes  ambiguous;  hut  the  faft,  as  1  have  re- 
lated it,  joined  to  the  above  mentioned  analogous  experiments 

of. 
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of  Dr.  HALES  and  Mr.  boyle,  will  addftrength  to  my  aflerdott, 
njiz.  that  vegetables  really  throw  out  air  in  the  fun-(hine. 

If  all  what  1  have  faid  hitherto  (hould  not  be  thought  fuffi- 
cient  to  take  away  the  prejudice  which  Dr.  Priestley's  fifth 
volume,  and  Mr.  c  avallo*s  book  on  Air,  may  have  produced  va 
•the  mind  of  fome{>hik>(bphers,  I  ihouM  advife  them  to  be  pre- 
font,  at  leaft  once,  at  the  moft  beautiful  fcene  which  they  will 
behold,  when  a  leaf  of  an  agave  Americana^  cut  in  two  or  three 
pieces,  is  immerfed  in  a  glafs  bell  or  jar  full  of  pump-water, 
inverted  and  expofed  to  the  fun  in  a  very  fair  day  in  the  middle 
of  the  fummer,  when  this  plant  is  in  its  full  vigour ;  and  when 
they  (hall  have  feen  thofe  beautiful  and  continual  ftreams  of 
air,  which  ru(h  from  feveral  parts  of  this  vegetable,  princi* 
pally  from  the  white  internal  fubftatice  of  it,  I  will  be  an^ 
fwerable  for  their  laying  aiide  all  farther  doubt  about  the  truth 
of  my  do6brine. 

After  having  now  demonftrated,  as  I  think,  in  the  cleareft 
manner,  that  vegetables  diflfufe  through  our  atmofphere,  in 
the  fun-fhine,  a  continual  fhower  of  this  beneficial^  this  truly 
vital  air ;  and  that  plants  immerfed  in  water,  far  from  robbing 
it  of  all  air,  impregnate  it  fully  with  a  better  and  more  fa- 
lubrious  air ;  let  us  not  pafs  fb  wonderful,  and  hitherto  not 
even  fo  much  as  fufpeded,  an  operation  of  nature,  without  ad- 
miring the  deiigns  of  that  infinite  wifdom,  who  has  employed 
fuch  hidden,  fuch  wonderful,  and  at  the  fame  time  fuch  bene- 
ficial means  to  preferve  from  deflrudlion  the  living  beings  which 
inhabit  our  earth  ;^and  let  us  confider,  whether  it  would  not 
be  .worth  while  to  attempt  drawing  fome  benefit  from  this  new 
difcovery,  by  making  ufe  of  veflels  of  water,  in  which  Ibme 
leaves  of  vegetables  have  been  expofed  in  the  fun-fhine ;  by 
4>lacing  fuch  veffels  in  our  rooms;  by  ftirrtngthe  water;  by 
2  fprinkling 
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iprinkling  with  it  our  floors  inftead  of  uiing  for  this  purpofe 
common  water;  by  placing  within  our  houfes,  inflead  of 
flower-pots,  diflies  containing  fome  tonftroa  rhularh^  a  plant 
to>  be  met  mth  ahnoft  erery  where,  (hooting  fbrfh  with  the 
uCmofl  luxuriancy  in  all  water  bafons,  in  all  tubs  and  vefiels  in 
which  water  is  kept.  Is  it  poHibleL  after  all  this,  not  td  believe, 
that  the  Creator  has  multiplied  this  vegetable  with  a  fimilar  view 
to  our  benefit  I  This  benefit  we  may  now,  with  fbme  confidence^ 
apply  to  our  prefervajion,,  by  honouring  this  vegetable  with  a  - 
place  in  thofe  of  our  own  rooms  which  are  expofed  to  the  fun,  and 
keeping  it  alive  as  long  as  we  pleafe ;  which  may  be  done  by  only 
pouring  every  day  frcfli  water  upon  it,  and  fqueezing  gently  now 
and  then  out  of  it  the  dephlogiflicated  air  with  which  the  whole 
mar»  fwelis  up  almoft  as  foon  as  the  fiin  cafts  its  rays  upon  It. 
The  water  itfclf,  in  which  it  has  been  immerftd,  will  now, 
perhaps,  be  looked  upon  as  too  precious  to  be  thrown  away  as 
ufilefs  and  deprived  of  that  very  principal  of  animal  life,  of 
which  1  have  demonftratcd  it  to  be  highly  pregnant. 
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THE  wonderful  ftrufture  of  the  eyes  of  infers  in 
general,  moft  commonly  xlluftrated  by  that  of  the 
hibellulaj  or  Dragon-Jy^  cannot  fail  of  ftriking  with  aftonifti- 
ment  the  naturalift  who  inveftigates  the  works  of  the  .great 
Creator  in  his  mofl  minute  productions.  According  to  lewen- 
H0EK9  HOOK,  and  others,  the  cornea  of  moft  infeds  are  made 
up  of  an  infinite  number  of  fmaU,  tranfparent,  homy  lenies, 
each  refembUng,  in  fome  degree,  a  fmall  magnifying  glafs. 
This  ftrufture  prevails  in  the  cornea  tyi  infefts  in  general ;  but 
the  Monoculus  Polyphemus^  or  King  Cr^by  is,  among  others,  an 
exception  to  this  rule. 

The  Monoculus  Polyphemus^  or  King  Crab^  is  a  cniftaceous 
animal  found  in  all  the  feas  furrounding  the  continent  of  Ame* 
rica  and  the  Weft  India  iflands,  and  which  frequently  grows  to 
a  very  large  fize  *^  I  (hall  defcribe  fo  much  of  the  Monoculus 
only  as  is  neceffary  to  point  out  the  (ituation  of  the  eyes,  which 
have  been  looked  upon  as  two  in  number  only-f,  though  in 
reality  they  are  four.  The  largeft  piece  of  the  cruftaceous 
covering  of  this  animal,  when  leparated  from  the  reft  of  the 
ihell,  has  very  much  the  fliape  of  a  barber's  bafon,  or  the  fore- 
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part  of  a  »0man*s  bonnet.  The  ejnes  are  a  part  of  the  fliell, 
or,  as  LiNNiBUs  exprefles  it,  they  are  tefta  innuti^.  They 
may  be  diftinguiihed  by  the  terms  large  and  fmall,  or  lateral 
and  anterior.  If  the  (hell  were  divided  fairly  in  half,  the  large 
eyes  would  be  nearly  in  the  center  of  each  piece,  and  the 
fmall  ones  on  the  divided  edge  near  the  fore-part  of  the  (hell. 
The  large  eyes  are  at  a  great  diftance  from  each  other ;  but  the 
fmall  ones  are  clofe  together.  It  will  appear  hereafter,  that 
the  large  eyes  are  made  up  of  a  great  number  of  fmall,  tranfpa« 
tent,  amber-like  cones,  and  that  the  fmall  ones  are  compofed 
of  one.fuch  cone  only ;  fo  that  they  may  be  divided  into  eyes 
.with  many  cones,  and  eyes  with  a  fingle  cone  f .  The  large  eyes» 
or  thole  with  many  cones,  appear  as  two  traniparent  fpots 
about  the  fize  and  nearly  of  the  (hape  of  a  kidney  bean,  the 
concave  edges  looking  towards  each  other,  and  the  convex 
towards  the  edge  $>f  the  fhell.  If  they  be  examined  atten- 
tively, we  may  difcern  on  their  furface  a  number  of  fm^l  de^ 
preffions,  which  point  out  the  center  of  each  cone.  The 
fmall  eyes,  or  thoie  with  a  fingle  cone,  look  like  two  fmall 
tranfparent  fpots,  not  larger  than  a  pin*s  head;  thefe,  from 
their  minutenefs,  are  eafily  overlooked,  fee  fig.  i  •  where  A.A» 
fhew  the  large  eyes,  and  B.B.  the  fmall  pnes. 

The  appearances  which  I  have  defcribed  may  be  feen  on  the 

.external  furface  of  the  fhell  with  the  naked  eye ;  but  in  order 

to  proceed  to  a  further  invefUgation  of  the  fubjedt,  the.  cornea 

*  This  being  the  cafe,  the  eyes  can  enjoy  no  motion ;  in  which  particulzr^  as 
well  as  in  fomc  others,  the  Monoculus  Polyphemus  differs  from  the  genus  of  crabs, 
whofe  eyes  are  placed  on  petioles,  or  ftalks,  and  are  moveable. 

t  The  Greek  words  roMr;  «Mof,  and  ^m;  mmu  would  e^refs  the  feofe  ii  a  m^ro 
'  concife  manner.    Oculi  foljcmci  et  oculi  monoconicii 
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muft  be  retxioved  from  the  IheU,  and  aj^Ued  to  n  iingle  ini« 
cr(rfcope  with  a  very  ftrong  light 

The  internal  furfacc  of  the  large  eyes,  exatianed  wirii  the 
microfcope,  is  found  to  be  thick  fet  witn  a  great  number  of 
ftnall,  tranfparent  cones,  of  an  amber  c^oiir  •,  the  bales  of 
which  ftand  downward,  and  their  points  upwards  next  the  eye 
of  the  obferver  +.  The  cones  in  general  have  an  oblique  direc- 
tion, -  except  fbme  in  the  middle  of  the  cotnea^y  about  thirty  in 
number,  the  dipe6:ion  of  which  is  perpendicular.  The  center 
of  every  cone  being  the  mod  tranfparent  part,  and  Hiat  throngh 
which  the  light  palSes ;  on  that  account  the  perpendicular  or 
central  cones  always  appear  beautifully  illuminated  at  didr 
points.  In  a  word,  they  are  all  fo  <!^pofed  as  that  a  certain 
number  of  them  receive  the  light  from  whatever  point  it  may 
iflue,  and  tranfnut  it  to  the  immediate  organ  of  fight,  whidt 
we  may  reaibnably  fuppole  is  placed  underneath  them ;  but 
this  laft  circumfiance  can  only  be  determttied  in  a  recent  fub* 
jedl^  which  I  have  never  been  fo  lucky  as  to  fee*  The  cones 
are  not  all  of  the  fame  length ;  tbofe  on  the  edges  of  the  cornea 
are  the  longeiV,  from  whence  they  gradually  dimimfh  as  thqr 
approach  the*  center,  where  they  are  not  above  half  the  lengdi 
of  thofe  on  the  edges,  lee  fig,  2. 

As  thefe  cones  {<y  eafily  tranfmit  the  light  through  their 
fubftance,  when  I  firft  examined  them  I  thought  they  were 
tiJbes ;  but  I  have  fipce  v^wed  them  broken  in  different  direc- 
tions, and  am  con^nced  they  are  folid  tranfparent  bodies.  If 
they  be  viewed  with  a  deep  magnifier,  every  cone  appears  dn 
vided  tranfverfely  by  two  or  three  internal  fepta  or  partitions# 

^  I  have  made  fomc  attempts  to  afcertain  their  number,  and  thiak  they  amount 
lo  about  xooo* 
f  This  mufi  be  rercrfcd  LP  the  eye  be  confidered  in  its  natural  pofition. 
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(TbU.a|i||{9tim9f  i&  OFiAg  tQ  the  poof  s.  dieia^vas  betog  made  uf 
of  jftvenU  CQ)|99,  one  wkhin  aac^Mf ,  t\i%fepta  or  partitions  being 
nothing  move  tiisu)  the  apkts  or  points  of  the  external  cone« ;  but 
tbi«  ^iU  be  furth^  explained  by  oonfidering  tjutt  the .  cornea  of 
the  MonocuJiff:Wixj  be  divided  into  layers,  the  niunber  of  which, 
however,  I  cannot  afcertain ;  but  1  once  met  with  a  cornea  ia 
which  the  internal  layer  and  its  cones  was  fepatated  from  the 
external  lamina  and  their  cones.  A  portion  of  the  interna^ 
layer  is  fhewn  fig.  4. ;  and  the  cones,  very  much  magnified,^ 
li^th  their  fepta  or  partitions,  are  exhibited  fig.  5. 

It  is  very  well  known,  that  all  cruftaceous  animals  depofit 
their  (hells  once  a  year,  and  are  left  with  a  (oft,  tender  cover* 
ing,  which,  after  fome  time,  acquires  the  hardnefs  of  the 
former  ihelL  At  tiie  nmta  in  thefe  animals  is  a  part  6f  the 
(hell,  it  is  rea£)nab{e  to  fuppofe,  that  the  internal  layer  is  lef^ 
with  the  fbft  covering,  containing  the  rudiments  of  the  future 
cornea ;  and  this  is  the  more  probable,  from  what  I  have  before 
obferved,  that  I  have  met  with  an  eye  where  the  internal 
layer  was  feparated  from  the  more  external  ones,  fee  fig.  4. 

The  flni&ure  of  the  fmall  eyes  being  lefs  elaborate  than 
that  of  the  large  ones,  their  internal  appearance,  when  placed 
in  the  microfcope,  will  be  defcribed  in  a  few  words.  They 
confifl  of  an  ovaU  tranfparent,  horny  plate,  of  an  amber  co« 
lour,  in  the  center  of  which  (lands  a  iingle  cone,  through 
which  and  the  oval  plate  the  light  pafles,  fee  fig.  3  ♦. 

Having  thus  defcribed,  as  concifely  as  poffible,  the  fingular 
mechanifm  of  the  cornea  of  the  Monoculusj  I  fhall  add  a  few 
words  concerning  their  ufe.  The  lenticular  ftrufture  of  the 
cornea  of  infefts  in  general  certainly  aflifts  in  condenfing  or 

*  The  fmall  eyes  are  analogous  to  thofe  fmall  eyes  of  other  infe£ts  which 
entomologiils  have  ^MtA  Jlemmata^ 
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ftf-engthenlhg  the  light  in  its  paflage  to  the  idunedkte  organ 
of  fight  It  13  [irobable,  that  the  cones  in  the  Mm&c»lus  have 
the  fame  effeft.  Whether  they  anfwer  that"  purpofe,  in  a 
more  or  lefs  pei'fidl  manner  than  the  lenfes  in  the  generatitj  of- 
infeOrs,  is  wh?t  I  cannot  take  upon  me  to  detertjiine, 

EXPLANATION    OP    THE    PLATS. 

Fig.  I.  The  Mopoifulus  Pelypifemus. 

AA.  The  large  eye&.  ■  '  - 

•    BEL  The  fmali  onea.  ,  -.    .     ;  .; 

Fig.  2.  Ojie  of  the  large  eyes  magnified^ 
Fig.  3-  O  ..  :■  ■ 

Fig.  4-  A  igni^.. 

Fig-  5*  T  *f^^  fw^^MPi 
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Board  of  Longitude*. 
I.  H.  Van  Swindeni 

Jko,   17.  Sir  Joicph  BankSy.  Bart. 

Mar.    7.  Thottmt  FowtiaiF,  El^^ 


Mr.  L  Ai  Chtptat« 
Auguftui  Brouflbnefy  If*  ft. 

14.  Mr.  LancA,  8upcr-car((o  at 
CailtM. 


Ad.  Liidv  KrMflg^  Marmdtn  tl  itdtiei 

aliqui    Lapidet    coloribus     fuit    cx« 

preflk.  4^ 

Fetr.  Sim.  Pallas.  Nora  fpeciet  Qgadru- 

pedum  ^  fl4i4um  ordtM.  4* 

C.I.  Trew>  AMAttMtMruiA  lloruiQ  Ima* 

ginesy  edidit  J.  M.  Seligman.  fbl». 

G.-Nic.  Jenty  Demonftratio  uteri  preg* 

nantis  muliilfbf  6umftet«adftrtuA< 

maturi*  foL 

I.  C.  D.  SchAber.  AbbSdang  der  Saug- 

thiere^  4psrtv.-  ^ 

L  C.  D.  Schreber.  Beichreibung  der  Gra»* 

Ar  Mbft  ihieil  Abbildubgen,  part  L. 

aodn..  fol. 

1*  F •  Charpcnticr.  Miuei  alogilchc  Geo* 

grapkiederChurfichifcbenLandc.   4^ 
F.    C.   Gunther.  Samlung  Voa  Nefter 

und     Eyem     verichiedeiier     Vdgel« 

parti.  foL. 

li.Fi  Efpen  NaUuitbt  iron  nematdeck* 

ten  Zoolithea.  foL . 

Brfcbaftigimgea  dkir  BiflMfdiei  g/MU 

fchafft- Naturforfcbender  Freunde,  4. 

partf .  8"* 

Der  Naturferfcfaeri  I4paru.  8*' 

IViblet  of  the  Produd  and  Powers  of 
l^iMbir^  tofClMprtt»iIifttoi^LL.D.  foL . 

Memoices  fur  les  Obierrations  Meteoro* 
l^gl^s  ftlctt  1^  Frantfkor  en  Frife 
rAnn^ci779*  8**' 

ILeliquiae  Houftounians  few  Msiniarumin  • 
AiflivfM  MerkHoiiaM  i  Oy..Houfton» . 
M.  D.  R.  S.  coItedaMiA  Icones.      4'' 

A  Topographical  Dcfcription  of   fuch  1 
Parts  of  North  Anicriaa  as  aie  con- 
tained in  an  annexed  Map  of  the  mid*- 
dU  itfitifliCoiooicfe  taH,  America,  fol. . 

Menooires  deChimie,  torn.. I.  8* 

Aflembl6e  Publique  de  la  Societc  dei 
atkoMMs  de  MoMfptUibr.  4^^ 

Two  Chinefe  books  s  the  one  being  an 
Account  of  the^UInd  erf  Jipan ;  the ' 
other,  Maps  of  the  late  Conquefis  of.' 
the  Chinefe  towards  Thibet^  fol:^ . 
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Donofft 
178a. 
/i^rUiii  Sir  William  Haindtoa« 


*  i 


Francelbo  Grifelim. 
Mr.  Thomat  Hcniy. 

2  j*  M.  De  Cazeaux. 
'  Mr.  Bemetzieder* 


»    0 


Mr.  Mefmer,  Fhyficiaa  tt 
Vienna. 


May  a«  WUUam  Jooctt  Sfq* 


The  AaooymoiM  TnmllAtDn 

Mr.  G.  Hetbrniauz^  Suifeon 
at  Bmaellet* 

9.  AoadeiDjr  of    Sciences   at 
'BniflUlt. 


1 6.  Gilbert  Thompfon^  M.  D. 


Royal  Academy  of  Sciences 

at  Paris. 
Mr.  Jcanrat. 


A  Siq>j>leme|it  to  the.  CamjriPhl^grsi, 

^  being  an  Account  of  the  great  Erup- 
tion of  Mount  Vefuvius^  in  Auguft 
1779.      .....     ._....  fol. 

Lettere  Odeporiche,  torn.  L  4^ 

Effayi  Phjrfical  iuid  Cheaoucal,  by  Mr. 
Layoifier ;  tranflated  from  the  French 
by  Mr.  Thomas  Henry.  fbl. 

Eflai  fur  TAtt  de  Cultixer  la  Canne  et 
d*eit  extraire  le  Sucre.  8* 

Nouvel  eilaiiiir  rHarmonic  8^ 

Methode  et  Reflesdons  fur  les  Lemons  de 
Mufique 8* 

Precis  Hiftorique  des  faits  Rdatifs  an 
Magnetifme  Animal,  Six  Copies.      8* 

Lettre  d*un.  Medccin  de  ia  Faculte  de 
Paris  4  un  Medecan  de  Loodres. 
Oo>7rage  dans  lequel  .on  prouve  contre 
Mr.  Mefmer  que  le  Magnetiime  Ani- 
sBal  nVzifie  pasy  Three  Copies.        8* 

Obfenrations  .fiii:  Ic  magnetilme  Animal, 
par  M.  D*£flon,  Two  Copies.        feU 

The  Mahomedan  Law  of  Succeflkm  to 
the  Property  of  Intefiates,  in  Arabic, 
with  a  verbal  Tranflation  and  ei^a* 
natoiy  Notes^.  by  WiUiam  Jones,  Efq. 

4" 
The  Inferno  of  Dante,  tranfflated  into 

Engliflu  4'' 

Traiti  fur  divers  Accouchemens  labo« 

rieux  et  fur  les  Polypes  de  la  Matrice, 

2  vols.  .  8^ 

Memoirei   de   I'Academie  Imperiale  et 

Royale  des  Sciences  et  Belles  Lettres 

de  Bruxelles,  torn.  II.  et  III.  4^ 

Memoire  fur  les    Maniere  d*elever  les 

Abeillest  par  M.  Zeghen.  4^ 

Memoirs  of  the  Life,  and  a  View  of  the 

CharaAer,  of  the  late. Dr.  John  Fo« 

.  thei'giU.  8^ 

Memoires  des  fcavans  Strangers  pour  let 

annees  1777  ^  i??^-  4* 

Memoirs  fur  les  Lunettes  Diplantidiennes 

ou  a  double  Image  et  fur  les  ObjeAifs 

et  les  Octtlaires  Achromatiques.       4* 
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Dmori. 
1761* 

June    6,  Cbariet  Biirney,  M.  D, 


13,  Dr.  Block,  of  Berlin. 


Thomai  Pcnaant,  Efq. 
Fraocit  Milman  M.  D. 


Nic.  Cbarlca  Molitor. 


Mr>  John  NichoU. 


PicfcBli. 


A  general  Hiftory  of  Mulic,  from  the 
earlieA  Ages  to  the  prcfcnt  Pcfiod, 
vol.  U.  4" 

Six  Number!  of  a  new  Natural  Hiftoty 
of  Fifties,  and  a  DilTertation  oa  the 
Intcftinal  Worm!.  4° 

A  Journey  from  Chcfter  to  London,     4* 

An  Enquiry  into  the  Source  from  whence 
the  Scurvy  and  putrid  Fevers  arife.  8* 

The  milcellaneou*  Pfallofophical  Wri- 
ting!  of  Dr.  Ingen-houfz,  tranflated 
into  German  by  Nicolai  Charlet 
Molitor.  '    8° 

Biographical  and  Literary  Aoecdotei  of 
Mr.  William  flowyer,  Printer,  F.  A.  S. 
and  of  many  of  hi*  learned  Friends. 
By  John  NichoU,  hit  Apprcatice, 
Partner,  and  Succeflbr.  4° 


Vol.  LXXII. 
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INDEX 


TO     T  H  1  ^ 


JS-E-VEN  T  t-S  E  CO,ND     VO  L,U  I\?J: 


t 


PKIj;>Ofi>0>PHiCAL 


»     ^ 


jfBERRJTiOlf  tf  thi  fixtifiaru    Sec  fVA^rlr/jr  ^ the  Rt^s  of  Ughu    Takc« 
^'^  in  its  enlarged  ienfe,  depends  on  tfae  relative  Telodties  of  light  and  of  the  tele*- 

fcope,  p.  59* 
Acids*    See  Saline  Suhfianee^  InfiammahU  Air. 
Atrhil  acid^    See  FfwdAer. 
Anifi  (Mn  Willkm)*     JSce  Monoculm  Pofyfhemui. 

Amgku    Tivo  tkiDgt  necefTaryibr  meaibrtng  extremely  fmdil  ones  with  accuracy,  p.  8^. 
Ammmtereaiicfh     Sec  Ffgetaile  Kingdom. '        '  *  *  ' 

JtgtJlacwMt  hodiu.    Sabjedl  to  'a  *  diminxition  of  thei^  bulk  by  fire,  p.  308.    Gage  for 

roeafuriog  that  diminution,  p.  310, 
AttroBwe  ftfweru    Stt  Salim  EmiftanctK  * 

Aurora  B^r^s*    Sec  EMncify.    ' 


3. 


Barler^  Thomas,    ^t  Rain. 
Baronuitr.    See  Rain* 
BernotdH*    See  T/wmtcmetir. 


N  n  n  2  Biffi 
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B'iBs  rf  MvrioUty.    See  fflit$t  Tcrh    Their  imporUnee  to  the  cotnmaBi^,  p*  jf. 

Births  oMd  buriids.    Seenri. * 

Blacky  Dr.    Set  FUogifiM, 

BradUy^  Dr.    See  Vtlociij  of  tht  Rays  of  Light,  Fixed  Stars.    Part  of  a  letter  from  hira 

to  Dr.  Halleyy  on  a  new  difcovered  motion  of  the  fixed  fiars,  p.  84* 
Brock,  Abraham,    See  EUHrometir. 


Cakartoas  earth.     See  Saline  Suiftances. 

Canton,  Mr.    Sec  EleaHdty.  -   .^    /      (,    i 

Cavendifif  Lord  Charles.    See  Thermometer. 

Cottifio9  of.Bfidies^  ,Mr*r  Sm^i^oB;*  |^w  ^fiHid^enlBl  eirpciirocnts' upon,  -  p.  337, 
Intended  as  a  fapplement  to  his  craft  on  mechanic  power,  p.  338.  Reafon  for  now 
parfuing  the  fame  fubjed,  ibid.  The  laws  of  coUifion  are  principally  of  three  kindt» 
p.  338.  Confiderations  on  two  bodies,  equalin  weight  or  quantity  of  matter,  ftriking 
one  another,  p.  339.  et  feq.  Dcfcription  of  ilie  machine  for  collifion,  p.  347.-  For 
trials  on  claftie  bodies;  f^  349/   Ib^  trials  oh  ii9n-k^$<?tf)ftM[tt,"  V^jo^  ^  ^ 

Colours.'  See  Fire.    All  eyes  or  lights  are  not  equally  adapted  for  difiinguiihing  them» 

p.  308. 
Cornijh  porcelain  elays.     See  Fire. 
Cretin^  D.  Laurentii.    Nova  experimentn  chemica  qaae  ad  penitiorem  acidi  e  pingue^ 

dine  eruti  cognitionem  valere  videntur,  p.  8 — 34.  .^ 


t  > 


:       D. 


r 


De  la  Landi.    See  Fixed  Stars. 

DohbU  Jlaru    See  Fixed  Stars.    Steps  of  vifion  preparatory  to  lacwiog  double  flan,  p* 

lOO.    See  Teltfcepes.    Catalogue  of  douUe  flars,  by  Mr.  Uerfcbel,  p.'tia^    latio- 

d^iftory  remarks,  ibid.    The  general  diftribution  of  the«fttbf€6t,  witk  tern^s  iiicd  to 

exprefs  the  comparative  fizes,  and  obfervations  on  the  colours  of  fiars,  ibid.  p.  113* 

Someparticular  terms  and  contradio  i>s  explained,  p.  114.    FirA  clafs  of  double  ftari, 

p.  115.    Second  ditto,  p.  122.    Third  ditto,  p.  129.    Fourth  ditto,  p.  136.     Fifth 

ditto,  p.  14s.     Sixth  ditto,  p.  150.     Pofl{crip%  p.  1(7.     Mr.  Mayer,  in  his  *'  Dc 

**  novis  in  cgcIo  .iidereo  pbaenomenis,"  has  given  a  pretty  large-  lit  of  double  ftars, 

fome  of  them  the  fame  with  thofe  in  Mr.  Herfchel's  catalogue,  ibid.    Mr.  Herfchers 

reafon  for  ufing  glaiTes  with  much  higher  powers  than  thofe  ufed  by  Mr.  Mayer,  p. 

158.    Neither  Mr.  D.  Mayer's  inflrumcaits,  nor  his  method,  were  adequate  to  his 

purpofe,  ibid,      Difference  between  Mt.  Mayer's  calculation  and  Mr.  Herfchel's 

accounted  fo-,  p.  159.     Reafons  for  uliog  the  cxpreifijn  double fiar  in  a  few  inftanccs 

preferably  to  C^xr/zj,  Comfojsion^  or  Sateffftef  p.  i6i. 

Deuits*    2ecIJer/chcl. 

Satil 
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Sirth'if'allMmt  or  argiHa^eoai  earth.    See  Saline  SnlJtMcts^ 

BMrici^.    Of  tKe  method  of  rendering  yt\y  fenfible  the  weakefl;  natural  or  trtificiAl 
efe6lricit)r,  b^  Mr.' Alexander  Vb1ta»  p.  vii.  [See   the  original   rtalian,  p,  237.]. 
Advantages  of   his  eledrt)jAoros  in    inveftigating  atmofpherical  electricity,   ibid.    • 
Ordinary  conduclorj  are  never  entirely  voiti  of  efedb-icity,  ibid.    Befcriptien  and    • 
management  of  the  eleftrophorus,  viii.  et  fcq.    When  proper' to  ufe  that  apparatus^ 
and  when  not,  xi*     Ufe  4nd  advantages  of  imperfeiCl  dondu6tors,  xii;     Marble  dabs 
or  boards  preferable  to  all  other  plafi^,  for  im/^effed  c6ndu6tors,  ibid.     Not  every 
jbrt  of  marble  eqaatty  pfc^per^  xiii.    M^l  pfates/b^  means  of  va^bifhy  maybe 
nfed  in  dead  of  marble,  ibid.    Advantages  of  a  varniflied  plate  above  theconrmon 
eltfb'dphonn,'  xiv.    Other  plades  may  be  fubllitu^ed,  with  equal  advantikge,  indead 
of  marble  or  metaU  ibid.     Mr.  Canton's  aiTerrion,  that  ftronger  fignft  of  ele6tricicity 
•    may  be  obtaih<fd  at  the  time  of  an  aurora  b(>reans  than  at  any  other,  confirmed/  p» 
<   z^; -'Better  method  than   Mr.  Gavallo'i  of'difcovering  the   eledlirieity  of*cbrtaia 
'  bodies,  p.  xvii.    The  electric  fpark  obt^iined  from  the  evaporation  of  wat^,  p.  xviii. 
zxix.    And  from  various  efFdrvefcences,    which  produce  inflammable,   fixed,   and 
'   mtroos  airs;  xfx.    The  metal  plate  has  a  much  greater  capacity  for  holding  ele&rrctty 
in  one  cafe  than*  in  others,  ibid»    The  rntenfity  of  eleflricity  mult  be  inverfely  pro- 
portional to  the  capacity  of  The  body  elefirified,  p.  xx.     The  capacity  of  condu6h>rs 

*  IS  not  in  proportion  to  the-forfatc  in  general;  but  to  thefurfaces  which  are  ftt^j  or 
uninfluenced  by  an  homologous  ^tmofphere,  p.  xxi.  What  the  author*  means  by  a 
conjugate  condudor  explained,  ibM.  Various  experiments  in  confirmation  of  the 
author's  aflertions,  ibid,  et  feq.  Why  an  etedrified  body  paTU  ifitb  its  eledridty 
cafier,  and  from  a  greater  diftance,  when  a  pointed  conduAor  than  When  a  flatpr  ' 

'  gfobular  one  rs  prefented  toit^  p.  xxv.    Ufcfiiine&  of  Mr.  CavalloV  (mail  or  fecond. 

•  condcnfer,  ■  p.  xxviii. 

ikSlromittr.    Account  of  a  new  one,  by'M?.  AbVaham  Brook,  p.  ^%^i    Explanatlto   : 
of  the  plate,  ibid.    Method  of  making  the  divifions,  p.  %%b.    And  of  graduatiibg 
the  inftrumenr,  ibid.    Its  advantages  above  thofe  in  ufe,  p.'387;  ^  *  ' 

EkHrophorus,     See  EUHriciiy* 

EquatiM.    A  new  method  of  finding  the  e<|iyd  ^oots  of  an  equation  by  divifion.    By' 
.  the  Rev.  John  Hellins,  p.  417 — ^425. 

jE/jstf,  Mount.    See  Rai/f.    A   flight  earthquake  there«  preened,  by  «  remarkablex 
column  of  fmoke,  p,  v* 

Eji'gl^s.    SatOfiw* 


Fire. 
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Tin.   The  forceof  itcanmly'bel^ftlyMc^in^      iMo^'i^A  <V^rf^s,Vo<>9<^bodj, 

:p,  307.    ^^cthod  of^produciog  diftipft  colo^urs  ai^d  fl^a^es  froyp.cflcetpf  uojq  .cqid* 

.]|X)undjed  with  clay  by  difFerent  4c^re;^t  j^f  fire,  ibi.d.    ,The  Cofiiifli  porce^a  .days 

beft  for  fupportini^;  the  inteajfity  aod  iQCjafMfiog.the  4fi0fei  ,ff  ^re,  p.  399.    Meihod 

of  preparing  them  for  thcroiometric  pjUfpofcF,  ibid. 

fitKgtrald^  ICqcAC.   .If  is  experiipc^a  wii^  Chmefe  hc(Dp  feed.    <See  Wii^,  Seed. 

fii^gerftU,  Mr.     Sec  fbermmivr. 

Jixedmir^  or  the  a'erUl  acid.  Ii  equable  of  ^ufiiog  in  two  ftatcs»  p.  £9;«  Caxinot  be 
(fpi^t^^  fippj^ny  fifb/l^cc in  A^accete  ftap»,aiid  why,  ^.  .196.    §cje  ElfOrmif. 

/  ^^  Smi/hf9C^^ 

^imdjiaru  ba,the  paraJUaz  of^  by  JMr.  tifrfth^l,  ^^«  Pifficolcy  pf  ffi^p^^uiios 
the  dUlance  of  ^the  |xod  ^rs,  and  fnppi,  what^ufef,  p.  8a.  Sec  4>%^s*  The  no^le 
met^^.od  pointed  oat  by  Cajilep»  and^fft  act^ippted  )|ly  ,Hook,  Flaniilead»  IAsX^xuckl^ 

;^^d,Bradl^,  ^  ^f^9S  ^^^'^^^  fK^i^^C  .^^/?  /^^^^f^H^^  ^^  fi^*  f^X  >^^  >^ 

.ihjpt^h  it  (ailed  wifh.rfj;9rd  to  pacallax*  hat  ,been.,p|roduAJjw  of  fhe  fyK>^  Bofa^;dyi^ 

series  of  another  nature*  Pv^4*    Rf^s^hs  upon  ^radk^'a  i^etho^  of  ftadii^.the 

parailaz»  p.  85,  ^6.    De  la.Lapde  coodades  that , the .qiieftioa  aj^ut  paj^^Uaz  it 

refolved,  apd  wh)r»  p«.^5«    Difficalties  attending  the  inethod.of  sci^dilMuu^ty  p, 

^6.    The  method  ta^en  )>y  Mr.  QerjTchel  tp^nd  the  parallax,  ,p.  $;•    §ea,^c/^^j. 

A^hich  ia  fc^  from  .every  ^ntor  the  forp^er  it  liajble  to,  an^  by  which  ^e  annual 

parallax^  if  jtAould  not  exceed  t^^nthpart.of  .a  iJxond,.,^~y  .iUU  bpfigf^e  vifib^e, 

^ndl]^  afc<srt»iocd  i|t  legl^  to  &  n^uch  gjreaier  dej^roe  of  fpprox^nia,tioA  than.lt  ever  haa 

xbe^n  done,  p.  ,89.  et  feq.    ^  Oiftics.    Hig^  powers  of  i;na|gnifyi|}g^(>folut^y  necef* 

/au  in  the  refearch  of  jthe  parallax  of  f he  tjxed  ftari ,  p.  9;.    Two  di^Scrent  wap  qfed 

by  Mr^Uerfchel  in  fcttliog  the  dift^nces  of  double  ftan,  p.  99.    With  his,  ijnerbcd  of 

--claffing  them,  p.  too.  et  feq.    General  poftulata  refpe^ng  the  theory , of  fhe  aiui^ 

parallax  of  double  ilars^  lee.  p«  u>4.  ^t  feq.    Qeneral  obft^fYation  /)&^the  (iine  a«d 

place  where  the  maxima  of  parallax  will  happen,  p.  11  x^ 

flmmfttad.    See  Fixed  Stars. 

<}'al^.    "Bet  Fixid Stars.      '  " 

<ri»eut^  Count  de.    See  Rain. 

Cmfwh^  William.    His  regifier  of  theParifli  of  Holy  Crofi.    See  H^Ct^n 
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Ilamtli0fij  Sir  William,    Sec  IrM  fTorb^ 

hgofii^t  Atxoam  of  the  organ  of/  in  fifli.  by  jiiba  Honter,  Ei^.  pi  379.    WIten  Mr,. 
Hlibterfirft  bbferveJ  tbia  organ,  p.  360*    Nothing  more  eafy  than  the  expofure of 
thU  organ  of  fifh  ia  generiAy  ibid.     lit  defcripHon  and  fitu'ation  in  dfffi^rent  filh,  p.  38 1« 
ft  ieq'.   Much  More  fijnple  in  fidi  than  in  the  fupeiior  orders  of  animalsi  ibid*    An. 
experiment,  fhewing  that  fi>ondi  aSeS  them  mucfa,  p.  383.. 

jKfjl.    See  Tl^mmmitir. 

Uetktft^am.     Sicc  Ughfmngi 

HMiUt  rtv.  John.    See  E^iimf. 

Htm^-Jeid't  Chinefe»  Sarprizidg  veg||?tation  of  fbm^  feedr  (own  two  month's  after  the 
proper  feafdn^  p,  47.'  Defcriprida  of  the  pkints^  ibid.  Manner  of  preparing  the 
plants  for  the  produftion  of  hemp,  ibid.  Delcifptioa  of  the  planes  when  ftripped^ 
p.  48.  Amazing  weekly  increafe  in  length;  ibid»  Great  advantages  expected  from 
dfe  cu1t(vafl6n  of  this  plant,,  through'  die  patronage  of  the  Society  for  the  Encou- 
figiment  of  AYtt,  &c.  ibid^ 

BtrfcMt  Williaim.  A  paper  to  obviate  foroe  doubts  conceming  the  great  magnifying 
flowers  ufed  by  him,  p.  173.  His  prefent  method  of  determining  thofe  powers,'  p.  17  j« 
Hit  former  method  of  determining  thofe  powers,  ibid.  Defcnption  of  a  camera-eye* 
pieice,  made  fiir  that  operation,  p.  176.  Advantages  and  inoonvenieiicies' attending 
each  method,  ibid.    See  Fined  5/«rx,  HbuKU  Stars^  Lam^Micrometir. 

Hsiy  Cro/if  Sislop.^  ExtraA  of  the  regifter  of  the  parilh  of,  p.  $3«  An  aAiial  furvejr 
made  in  the  year  1780,  p.  $4.  Difeafes  andjCafualties  fiom  1770  to  1780,  p.  ;5» 
Number  of  inhabitants  actually  furreyed  tftry  five  years  for  thirty  years,  ibid*  Reft* 
ions  of  the  increafe  and  decreafe  of  the  inhabitaott  in  particnlar  years,  ibid»-p.  56, 
An  account  of  the  marriages  in  this  partfli  can  be  of  no  ule  in  political  arithmetic^ 
and  why,  p.  56.     And  the  ptablic  regider  it  too  genorttl  lor  lu«3i'pnrpofeS|  p.  57* 

J9M.    See  FiMed  Stsrs^ 

» 

Ifoaier,  Joha.    See  Httri^, 


*  4 

• 

Jnfimufirm*  A  |iew  mediod  Df  lirfeftigating^  \h€  fiinis  of,  by^  the  rev.  Samnel  Vincc, 
M*  A.  p.  389.  tPart  I.  containing  a  new  and  general  method  of  findbg  the  fum  of 
thofe fesies  whicB'  De'M^vie  has  foand  in  one  or  two  particttlar  cafes;  but  whofe 
method,  althovg^  it  j>e  in  appearance  genera),  will,  npon  trial,  be  found  abfolotely 
imprafticabl^  p«  390— *40i«    Part  Il.'containSig  the  fummation  of  certain  feries, 

*  the 


I-  4j;6  1 

T  iht  iad  diiFerence  of  whofe  numerators  become  equal  to  nothing,  p.  .401— 407.   Part 
III.  containing  obfervations  on  a  corre&igu  which  is  neccflary  in  ioireftigacing  the  fiima 
.  of  certain  ferles  by  collecting  two  terms  into  one,  with  its  application  (o  a  variety  of 
cafes,  p.  407 — 4x6.  .  *      '    '  ' 

.  InfiammabU^ir.  See  Phkgiftou*  ^he  origin -and -nature  of  explained*  p.  i^/i^'iiyfm 
^s  that  Tcry  principle  .which  iilone  is  troly  inflaaunab)e,  as  .hat  beea  ihewa  by  Mr. 
Volca,  p,  197*  Is  aifo  the  principle  which  reduces  mcjC^Uic  earths  40  a  metallic  flate, 
and  gives  them  their  metallic  ipIendour»  p.  199.  Is  ^t  iuft>ftancc^  which,  with,  vitriolic 
acid,  forms  fulphur,  p.  lop*  Acids  canno^  >be  the  bails  of  inflammable  air,  and 
why,  p.  202.  Neither  can  earths  or  refptrable  air,  p.  ao5.  Qiftrept  aaiperiments 
on  inflammable  air,  with  obfervations,  p.  ao4.etreq.  Thf  reaion  ^h^  in&ammbte 
air  mixes  fo  eafily  with  water,  and  phlogiflon,  fuppafed  to  be  the  /amo  fubflaacc^ 
conilantly  repels,  and  is  repelled  by  it,  p.  309*  *  ^fltds  prodaced  by  I>r,  Piieflley,  bf 
melting  the  calces  of  iron,  copper,  lead,. and  tijiy  in ioflanunablp.  air  by  means  of  a 
burning  glafs,  p.  210.    See  Eie^rhyty, 

^Jngen-bou/z,  Dr.  John.     See  FegeiaUe  Kipgdimm  . ,         i .  . 

Inhabit arus,  «Two  methods  of  ^alculatii^  the  apmber of,  in, any  plape,  whereanuma- 
rical  furvey  cannot  be. obtained,  p.  39.  Remarkable  coiDcidence  bcMreea  ,thofe  twp 
meafures,  p.  40.  ^    . 

iJroH  workt.^  An  account  of  fome  fcoria  from,  which  rciemble  the  vitrified  fikuaents 
defcribed  by  Sir  William  Hamilton,  p.  jo.  Filaments  from  Mount  Vefuviaa  and  the 
, volcano  in  the  Ifle  of  fiourbon,  defcribed,  ibjd*  See  Slag^  SmekUg  Hwfif.  Sif 
WilllamV  opinion  concerning  the^  formation  of  thofe  ^lamcQts,  p.  5^. . 


«• 


KingTcrah*    See  MomocuIus,  Foj^^himus* 

Kinvamp  Richard,     Sec  SaUme  Su^fianeUf  Sidftwu 

JQrrft^  Mr.    Sec  TStrm^mtur.  ... 


^Lamp-micromettr.  Defcription  of,  and  the  method  of  ufing  it,  by  Mr.  William  Her- 
fchel,  p.  163.  The  natural  imperfefitions  oC^he  parallel  wire-micrometer,  ibid.  The 
lamp-micrometer,  which  is  free  from  all  thofe  imperfc^oni,  and  hat  the  advantage 
of  a  v^  enlarged  fcale,  defcribed,  p.  165;  Iti  uft,  p.  167.  CapiUe  of^gjreat 
inpprovement  by  the  application  of  wheels,  pinions,  &c*  p*  x68«  The  appltcaikm 
of  this  inflrument  explained,  p.  169.  And  eaKmplifledt  ,p»  170.  The  neaforea  of 
this  micrometer  not  conflned  to  double  flars  only*  but  may  be  applied  lo^^my  other 
iobjefls  that  require  the  utmoft  accuracy,  p.  1 17. 
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Leiimhi*  Ha«  attempted  demonftrauons  of  the  law  of  refra6lion  from  principlei  rcry 
different  from  Sir  Ifaac  Newtoo,  p.  $9. 

Ugbinmi.  Proceedings  relative  to  the  accident  by»  at  Heckingham,  p-  3SS«  Letter 
from  the  Board  of  Ordnance  to  8if  Jofeph  Banks,  P,  R.  S.  ibjd.  Extrads  from  the 
minutes  of  the  Coancil  of  the  Royal  Society,  p.  556.  Report  of  the  Committee  to 
iSofi  P|!|fident  and  Council^  p«  357.  Defcription  of  the  Houfe  of  Induftry  at  Heck- 
ingham,  ibid.  Dimeniions  of  itt  principal  parts,  p.  3^9.  Defcription  of  the 
condudlors  affixed  to  the  chimnies,  ibid.  With  their  portions  and  reipedive  termi- 
nations, p.  360.  et  feq.  Time  and  manner  of  the  lightning's  fettiog  fire  to  the 
building,  p.  366.  Its  effect  on  different  parts  thereof,  p.  367.  et  feq.  Dimenfions 
and'deforipoon  0f  the  iMbl|s«  p,i  370.  et  feq.  Threifi.l^ib  of  fire  oblerved  to  bM  at 
tiie  time  of  tkr  amdetxt,  p.  377.  The  clouds  at  Nqrwich  were  negative  00  the  day 
of  the  aceident,  ibU. 

Lb^d^  George«    SeeRatjr* 

M.  '       ' 

Magmfia^  or  muriatic  earth.    See  SaUm  Smtfiancet. 

Magm^it^.    See  O/r/r/,  7'e/e/ccpes^  D^tibis. 

Mariae  scidmr*    See  Saline  Su^oMCis.    Why  it  a£ls  fo  feebly  on  oil,  fpirits  of  wine, 

ice*  p.  236. 
,  Ji^^  Mr.    See  DotiBle  Sim. 
^4$talUe  Earths.    See  Inflammahk  earths. 
MtteonUpcal  Jowmal^  p.  2  85, 

ItkfHU^f  the  parallel  me  one.  '  See  La/nfi  micromttr. 
Miural  alkoB.    See  Saline  Suhfiances.    Mr.  Turner,  by  a  peculiar  procefs^  extradls 

it  in  thegreateft purity  from  common  fait,  p.  i88. 
Mhfral/ul(fianees.    Analyfis  of  two ;  viz.  the  Rowley-rag-ftone  and  the  Toad-flone,  by 

William  Withering,  M.  D.  p.  327.    Particulars  concerning  the  conduft  of  the 

proceiles  explained,  p.  328.    Stt  Rtwiey-ragz/lone,  Toad-^one. 
tUHOfSt  Moof.    His  method  of  calculailog  the  number  of  inhabitants  in  a  place, 

witheMt  a  numerical  funrey,  p*  39. 
MsUntnx.    Stt  Fixe  J  Stars. 
Menoenku  Pofyphemns  (or  King-crab)  Linnaei.    A  microfeopic  defcription  of  the  tyt^  of^ 

by  Mr.  William  Andr6,  Surgeon,  p.  440.    Has  in  reality  four  tyti^  though  they 

ha^  been  looked  on  as  only  two,  ibid.    Which  are  immoveable,  p.  441.    And 

;i0Bfift  of  >two  iiBB«U  imd  two  large  ones,  ibid.    Defcription  of  the  largp  ones,  p. 

442.    And  of  the  finali  ones,  p^  441. 
Metifirm KrOt*    ^^Torkfe. 
Mm^  Samnd.    ifia  a€COfnt  of  fome  icoiia  from  iien  works,  &c,  p.  50.    See  Jtm 

Vol*  LXXIL  ^  O  o  o  NcwfM^ 
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N. 

Nrw'oM^  Sir  Ifaac.     Sec  Fclccify  of  the  Rays  of  Ught^  Leibiiitx* ' 
flitroHS  nir.     ^t^  Saline  Suhfiattees^  EkSrtcity. 

Noiliff  Abbe.    His  excellent  method  of  difcoTering  the  errors  occafioned  by  the  ine^oa  < 
lilies  on  the  inner  ftir^ce  of  the  gltfs  of  thermometersi  p.  79. 

O. 

Optics.  Too  math  has  hitherto  been  taken  for  granted  in  that  fetence,  p.  91.  The 
pofitiott,  "  that  we  gain  nothing  by  magnifying  /m  much,**  confidered.  p«9i«  et  feq. 
Superiority  of  the  fiogle  eye-glafs  to  the  double,  in  point  of  light  and  diftia&aefi^ 

P-9S- 
OfticfeMcii.    Obfervations  on,  p,  96. 

P. 

ParaJiax  •/  thefifftdfiaru    See  Tixtd  Stars. 

Ttrfttuul  motion.    The  idea  of,  a  contradiAion  in  terms,  p.  3^4. 

Fitit^  Mr.     See  Sulphur. 

Pblogifton.    See  Stdhi  SuhfiaiKts.    The  nature  of  it  explained,  p.  19;*    Can  never  be 

produced  in  a  concrete  ftate,  fingle  and  uncombined  with  other  fubftances,  ibid* 

The  caofet  of  inflammable  air  and  (pecific  fii^e,  which  are  different  ftales  of  phlo* 

giilon,  explained,  according  to  the  difcoveries  of  Dr.  Black,   p.  196.    See  Fixed 

Air^  Inflammable  Air. 
Population.    From  Mr.  Wales's  <'  Inquiry  into  the  prefent  State  of  it  in  England  and 

*'  Wales,"  and  different  numbers  of  thefe  Tranfadlions,  appears  to  be  in  a  general 

and  progreffive  ftate  of  improvement,  p.  3$. 
Prrftnts.     Lift  of,  p.  44$..  ^ 

Pritftle^t  Dr.    See  Saline  Svbfiances.    By  his  new  analyfts  has  produced  the  vohtSe 

alkali  free  from  the  aerial  acid  and  water  in  the  form  of  air,  p.  191.    See  It^flmmaa^ 

hit, air  % 

.     R. 

^ain.  Account  of  a  new  kind  of  rain  at  Mount  Etna,  by  the  Count  de  Oibcoi^  i. 
Various  conjeflures  concerning  the  canfe  of,  ibid.  Methods  of  antfyfing  i^  to 
determine  its  origin,  ii,  iii.  Which  appears  to  be  volcanic,  tti.  Not  hurtful  to 
animals  or  vegetables,  iv.  Its  great  extent  accounted  for,  ibid.  -  IWIe  of  the 
quantity  of  rain  which  fell  near  Barrowby  near  Leedsi"  by  Geoige  Uo^d,  filq •.  p. 

7«- 
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71.    Eztraft  of  a  rejpfter  of  the  barometeri  thermometer,  tndrain,  at  Lyndon  in 

Ratlandy  byMr.Barker,  p.  281. 
Rijr^iom.    Law  of,  explained,  p.  58; 
Rikaiawi  di  un  a  nuova  pioggia,  fcritca  dal  Conte  de  Gioeni  s^bitante  della  3*  reggione 

dell*  Etna,  p.  x. 
Rvwkj-^rag'finie^    See  Mineral  Subjtmuiu    Where  found*  p.  329.    Its  more  obvious 

properties,  p.  330.    Experiments  on,  ibid.    Concluiioas  from  thofe  experiments* 

p.  332*    Might  probably  be  ufed  advantageooily  as  a  flax  for  calcareous  iron  ores, 

P-333' 

Salim  Suhfiancts.  Continuation  of  the  experiments  and  obfervations  on  the  fpecific 
gravity  and  attraAive  powers  of  various  faline  fubftances,  by  Mr.  Kir  wan,  p.  179. 
Some  mifiakes  in  Mr.  KirwanS  laft  paper  re6(ified,  ibid.  Tables  coaftmdted  in  coa- 
fequence  thereof,  p.  18 a.  et  feq.  The  quantity  of  pure  acids  taken  up  at  the 
point  of  fiitoration,  by  mineral  alkali,  examined,  p.  188.  Ditto  by  the  volatile 
alkali,  ^according  to  the  experiments  of  Dr.  Prieftley,  p.  191.  Ditto  by  calcareous 
earth,  p.  192.  Ditto  by  magnefia  or  muriatic  earth,  p«  r93.  Ditto  by  earth  of 
allum  or  argillaceous  earth,  p.  194.  Ditto  by  phlogifton,  p,  19$.  Of  the  quan- 
tity of  phlogiilon  in  nitrous  air,  p.  2x1.  Of  the  quantity  of  ditto  fn  fixed  air,  p. 
213.  Nature  and  origin  of  fixed  air  examined,  ibid.  Various  opinions  concerning, 
and  experiments  made  on,  different  kinds  of  air,  p.  21 3  ^229.  Mr.  Kirwan's  account 
thereof  approved  by  Dr.  Prieftley,  p.  230.  Of  the  quantity  of  phlogifton  in  vitriolic 
air,  p.  231.  Method  of  purfuing  that  inquiry,  ibid.  Of  the  quantity  of  phlo- 
gifton  in  fulphur,  p.  233.    Of  the  quantity  of  ditto  in  marine  acid  air,  p.  23;. 

■  Table,  (hewing  the  folubility  or  infolubility  of,  in  alcohol,  by  Dr.  Withering, 

p.  336. 

Six,  Mr.  James.    See  Thermometer. 

Siag^  or  vitrified  cinder.     How  produced,  p-5T> 

Smcalath  John.    See  Ccliijion  of  Bodrtu 

Smeliing  Unfit.  The  large  furnaces  ufcd  there  prefent  a  moft  finking  refemblance  of 
the  eruption  of  a  volcano,  p.  S  i  • 

specific  fire^     See  Phlegifton. 

Spiiific  gravity.     See  Salim  Suy^aHcft. 

S/oMfs»  Showers  of,  thought  by  the  ancients  to  have  been  miraculous  rains,  difcovered 
to  be  volcanic,  ii.    Their  being  mixed  with  water  accounted  for,  p.  iv. 

i^ulpbur.  See  Infiammahk  Air^  SaiUe  SuifiancfSf  Method  of  eflimatiog  the  quantity 
of  fixed  air  produced  during  it  combuftion,  p.  233.  All  the  attempts  hitherto  made 
to  determine  its  conftituent  parts  evidently  defedive,  p.  234.  Its  fpeclfic  gravity 
^hen  weighed  in  water  by  Mr.  Kirwan,  and  in  oil  by  Mr.  Petit,  p.  235. 

O  0  o-  2  TMfi 
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T. 

Table*.     See  Tork^  Holy  Crofi^  Rain,  Doubts,  Saline  Su^Jancis. 

feiefcopes.  Amazitig  improvemeDts  in  tbe  conflniAioti  of,  p.  89.  DouMs  falTt  of 
excellent  ufe  in  trying  theni»  p.  loz.  Edimations  made  with  one  trieftopemoot  be 
applied  to  thofe  ttiade-with  another;  nor  can  the  efKnatJons  made  wM  dUferenc 
powers  of  magnifying,   though  with  the  fame  tdefcope,  be  appHtd  to  eacli  odirr^ 

p.  lOi. 

Tbfrmometer.  Account  of  an  improved  one,  by  Mr.  James  Six,  p«  72.  Inconvenieiice 
attending  the  thermometers  in  common  u(e,  ibid.  Which  Van  Swindco,  Mr. 
Kraft,  Lord  Charles  Cavendiih,  Mr,  Fitzgerald,  &c.  bave  endeavoufod  co  remedy^ 
ibid.  DefcriptioB  of  Mr.  Six's,  p.  73.  Which  in  forae  refpefb  re&mbkt  ibofe  of 
Mr.  BernouilU  and  Lord  Charles  Cavendifh ;  bat  differs  in  the  efGsntial  property  of 
(hewing  how  high  the  mercury  bad  rifen  in  the  obferver's  abfencet  p»  74*  How. 
that  difference  is  effe6^ed,  ibid.  How  to  redrfy  this  thermometer  after  aa  obftrra- 
tlon,  without  diftorbi^g  the  mercury,  p.  75.  Method  of  depofiting  k«  withoot 
hanging  up,  and  of  preventing  the  mercury  Ibifting  its  place  in  the  fpirits  within  the 
tube,  p.  76.  And  of  making  this  thermometer  a  mercurial  one,  ibid.  Otber  in- 
convenieneies  attending  the  common  thermometers  removed  by  this,  p.  77.  Mr.  Six's 
different  methods  of  conftruAing  his  thermometers,  p.  78.  Method  of  adjnfiing  the 
divifions  on  ibe  fcale  fio  the  inequalities  of  the  tubes,  p.  78.    See  NQlkt^  Rmm* 

'  ■'  Aa  attempt  to  make  one  for  meafuring  the  higher  degrees  of  beat,  from 
a  red  heat  up  to  the  ftrqiigeft  that  veflels  made  of  cUy  caa  fapport,  by  Mr.  Jofiab 
Wedgwood,  p.  30  j.  Ufes  to  which  a  meafure  for  the  higher  degrees  of  heat  may 
be  applied,  p.  306.  Inconyeniencies  arifing  from  the  want  of  it^  ibid.  See 
Fire.  Manner  of  conftru6ling  the  thermometer,  p.  308.  Obfervations  which, 
occurred  in  ufing  this  thermomet^,  p.  311 — 322.  Analyfis  of  the  day  of  which 
the  thermometric  pieces  are  formed,  p.  323— 326. 

Toad-ftonu  See  Mineral  Suh/iemceu  The  mode  of  its  flratification  fully  and  accarately 
defcribed,  by  Mr.  Whitehurff,  of  Dcrbyfiiire,  p.  353,  Its  more  obvious  pfopeitief» 
ibid.    Experiments  on,  ibid.    Condnfions  from  thofe  experiments,  p.  335^ 

7orlffe^  John.    His  account  of  a  monflrour  birth  in  the  £aft  ladies,  p.  44, 

Turmtr^  Mr.    See  Mitural  JUtali. 

Tweer,    A  term  ufed  in  fmelting  iron^  explained,  p.  51* 

V. 

Fan  Swiftdtn,    See  Tbermometir. 

ycgiiabk  kingdom.  Some  farther  confiderations  on  the  influence  of,  )>n  the  animal 
creation,  by  John  fngen-houfz,  p.  426.  Account  of  feveral  experimenu,  demon* 
firatiag,  that  vegetables  diffiife  through  our  atmofphere,  in  the  fun-ihine,  a  cond- 

a  aual 
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sttftl  IKower  of bcneCcial  truly  vital air»  ibid.  p.  433.    Obfervitions thereon;  p.  45}.. 
—438.    Benefits  to  be  drawn  from  ttiis  new  difcover/y  p.  438*. 

r^l^eiafiMf  nncommbn.     See  Hcmf  &f^.  '  '  .... 

Velocity  of  the  n^f  cf  light.    Ap  experiment  propofed  for  determining^  by  tbe  aberra-- 
tion  of  the.  fixed  ftan,  whether  die  rays  of  light,  in  pervading  different  media,, 
change  their  velocity '  according  io  the  laws  which  refalt  from  Sir  Ifaac  Newton'a 
ideas  concerning  the  caufe  of  refradion»  and  for  afcehaining  their  velocity  in  ^vtry 
mediom  wbofe  refpeAive  denfity  ia  known,  p.  58.    See  LtihiiZf  RifraSIon,    Proofs 
that  the  aberrations  in  a  telefcope  filled  with  a  denfe  fluid  will  precifely  agtee 
with  that  of  Dr.  Bradley's,  only  in  the  cafe  of  the  rays  moving  fwifter  in  the  medium 
than  in  air,  in  the  ratio  afligned  by  Sir  Ifaac  Newton,  and  that  this  famenefs  of  r 
aberration  will  itfelf  be  a  proof  of  light  being  fo  accelerated  within  the  telefcope, . 
p.  60.  et  feq. .  Propofitions  concerning  the  viewing  a  fubjed,  when  the  denfe  fluid' 
within  the  telefcope  is  confined  by  objed-gtafl!es  of  any  fignrCi  p.  65^  et  feq« 

Ftncff  .rev.  Samuel.    See  Iftfiute  Series* 

VtJtoH.    See  DmtUe  Stars. 

VitrUUc  MKtd,    See  Infiammabli  Alr^  SaUtuSttyiawcis* 

Folatik  mlkaU.    $aii»e  Smbftances^  ^^^ifik^^ 

F9kauos*  See  Iron  Works^  Stnehing  Houfeu  Marine  fait  the  bafis,  or  one  of  the  chief ' 
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